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Alyo AoyLa yia Touc ouyypadeic

Ap. XprRotog Nkoykog

O Xprotog [koykog elvat Mnxavikdég HAektpovikwv Yrmoloylotwv kat MAnpodoplkig Tou
MNaveniotnuiou MNatpwv, KATOXOG HeTamtuylakol o «AAyoplOuoug YynAng Anddoong» amo To
TuAua MAnpodopikng Kkat TnAemkowwviwy tou EBvikoU kal Kamodiotplakol [Mavemniotnpiou
ABnvwv, kal Stbaktoplkol He TitAo «AAyoplBuol cuvduaoTikng BeAtiotomoinong pe €udaon os
METAEUPETIKEG TEXVLKEG» OO To TuApa HAskTtpoAdywv Mnyxavikwv kot TexvoAoylog YmoAoylotwv
tou MNavemotnpiov Matpwv. Epydotnke oe dlddopeg etalpeieg MANPOPOPIKAC WG AVOAUTAC Kal
OXe6LO0TAG CUCTNUATWY arod To 1993 péxpL kot to 2004. Amo tov lavoudplo tou 2004 gpydletal wg
uéNocg AEN, apyikd oto TEI Hielpou kat amd tov Oktwpplo tou 2018 oto MNavemniotulo lwavvivwy.
Ao tov Mdio tou 2024, katéxel Béon Kabnynt A’ Babuibag oto Tunua MAnpodoplkig Kot
TnAemkowwviwy tou MNavemotnuiov lwavvivwv otnv Apta PE YVWOTLKO avTIKeipevo «Zuvduaotikol
ANyOpLBuoL Kal MpoypapUATIONOG UE €Udaon OToOV XPOVOTpoypOaupaTIopd». Ta padriuata mou
S16dokel  eival  «Avtikeluevootpadrng Mpoypapgpatiopog pe tn  C++», «AAyoplBuol Kal
MoAumAokotnta», «Apxec Mwaoowv MNpoypappatiopol» Kot «Emxelpnotakn Epsuvay». MapdAinia
gival Juvepyalopevo Ekmatdeutiko Mpoowriiko (ZEM) tou EAAnVikoU Avolktou Mavemiotnuiov omou
£xeL 816G€eL Tn YAwooo Mpoypoppatiopol Python kat €xelL To pOAO TOU cuvToVIOTH Ko LEAoug ZEN
otn Ospatikn Evotnta «MAnpodoplakd uotipata HAskTpoviking AlakuBEpvnong». EmumAéoy, gival
empopdwtng tou EBvikoU Kévtpou Anuooiwa Alwoiknong kat Autodloiknong omou Kol SL8AOKEL
ovtikelpeva oxetikd pe Python, Avaluon Asdopévwy, Baoelg Asdopévwv kat SQL. O K. Tkoykog
£16IKEVETOL OTNV QAVTILETWIILON SloemilAuTwy MPoBANUATWY cUVSUAOTLKNAC BEATIOTOMOINONG KoL OTNV
eMIAUCH TOUC HE TEXVIKEG HABONUOTIKOU TIPOYPAUUATIOHOU, EUPETIKWY KOl UETOEUPETIKWY
npooeyyioewv. EMutA£ov, SLABETEL ONUAVTIKA EUMELPLA OTNV QVTLLETWTTLON SladOpwv TTPoBANUATWY
XPOVOTIPOYPAUUATIOUOU  (TPOCWTILKOY, UNXAVWY, YPOUUWV TOPOYWYNAC K.0.) HE SUVOHIKA
XOPAKTNPLOTIKA Kot €xel SlakplBel oe Olebveic Stoywviopolg ypovompoypoppatiopol. Exet
dnuootevoel epyaciec og dleBvr) emoTnUOVIKA TtepLoSIKA UPNANRG avayvwpLong omwe to European
Journal Of Operational Research (Elsevier), To Annals of Operations Research (Springer), To Future
Generation Computer Systems (Elsevier), to Journal of Scheduling (Springer), to Cryptography and
Communications (Springer) katL dAAa. To €PeEUVNTIKO TOU €£PYO O€ ETLOTNHOVIKA TEPLOSIKA,
kedbalata BBAlwY KOl EMLOTNMOVIKA CUVESPLA €Xel AAPBEL onuUaAvIIKO aplBud etepoavadopwv
(https://scholar.google.gr/citations?user=iNX_7IsAAAAJ). Eival TaKTIKOC KPITAC OE EMLOTNMOVIKA
TeploSIKA, ouVESPLA Kal o afloAoynoelg Epywv. Elval HEAOG EMLOTNUOVIKWY EMLTPOTIWV CUVESPLWV

KoL TteploSikwy. ‘EXEL CUUUETAOXEL O PeYGAo aplOud Eupwraikwy kot EBvikwv épywv. Eival ocuv-
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ouyypadéag tou BLBAlou «Mia cuyxpovn pooEyylon otn yAwooa C» mou eival eAevBepa SLabeotpo

LEow TG Spaong Akadnuaikeg ekdooelg KAAAINOS.

Ap. Fewpylog Makpng

O kog lewpylog Makpng yevvriBnke to 1971 oto Xépdopvt Tng Mepuaviag peydAwoe kat el otny
Katepivn. Ao tov lovALo tou 2022 eival AteuBuvtrc tng AtebBuvong AsutepoBabutag Exknaibeuong

Mieplag.

‘ExeL omouddoel MabBnuatikd, MAnpodopikr) Kot OWKOVOULKEG EmLoTApeG. EXEL HETATUXLOKES
omoudécg: a) otnv Ekmaideuon, B) otnv Oswpntikn MAnpodoplkn Kol JuoTAUOTA AUTOUATOU
EAéyxou, y) ota MAnpodoplakd Tuotripata Kal §) otnv Emotriun tou Atadiktiou. H didaktopikh tou
StatpLBn £xet Bpa: «Kpumroypadia pe Xaog» oto Tuipa Madnuatikwy tou AMO. Exel oAokAnpwoel
600 HETAOIOOKTOPLKEG EPEUVEC O) OTO TUAUO MaBnuatikwy tou AMO pe Bépa: «Avamtuén Néwv
JTATOTIKWY Kot YmoAoylotikwv EpyoAseiwv yia tnv AvaAuon Awktvwv» (Development of new
statistical and computational tools for the analysis of networks) kat B) oto TuRua MAnpodopikng tou

AMNO pe Bépa: «Movtehomnoinon tou OlkoouoTtUaTog Tou Avolxtol Kwdikoy.

H S18aktikn tTou eumetpia meplappavel pobriuota mAnpodoplkng Kat pobnuotikwy T0co otnv
SeutepoBadula 600 kal otnv tpltofabuia ekmaidevaon. Exel dbacel eni ospd eTwv padiuata

TIPOTITUXLOKOU KOl LLETATITUXLOKOU EMLITESOU.

Ta epeuvntik@ Ttou evlladépovia oxetilovtal pe: «Aiktua kot [MMoAUMAoOKQ GCUOTHUATOY,
«Kpumntoypaodia kat Zteyavoypadio», «Auvapikd Tuotipata kot Neupwvikd Aiktuo» kal «TAWooeg
Mpoypappatiopou». Eivatr ocuyypadéag 7 BpAlwv kot evog ouAloyikol Ttopou. Exel mARBog
Snuoolevoewv TO00 0t &Eva 000 KOl O €AANVIKA TEPLOSIKA Kal cuveédpla. AoyoAeital pe Tov
TIPOYPOUUATIONS amod to 1985 Kol €XEL EUXEPELA TIPOYPAUUATIONOU o€ TOAAEC YAwooeg onwg: C,

C++, Java, Python, Visual Basic, Assembly KA.

Epydotnke otov OWTIKO Topéa yia 10 xpovia. Ano 1o 2002 epydletol WG EKMALSEUTIKOG OTO
Anpooto IxoAeio, Sletélece yla 6 xpovia unodieuBuvtrig oto 3o MEA Kateplvng kat yia 5 xpovia

AteuBuvtric oto 4o FEA.

Ap. AnuATpLog Kaparmumépng

O Anpntploc Kopoamutépng sivat S16dokwv otn IxoAn Ostikwv Emiotnuwyv kat Texvoloylog tou

AeBvol¢ Maveruotnuiov tng EANGSoc (ALMA.E.). Elvor emiong pélog tou ouvepyalOpevou



eKTOLOEUTIKOU TIPOCWTTILKOU 0To EAANVIKO Avolkto Mavemiotrulo Kat oto EBviko Kévtpo Anuootog

Awoiknong kot Autodiloiknong.
H epguvnTiKr TOU SpACTNPLOTNTO ETILKEVIPWVETAL OTO KATWOL media:

e otnv Avtlotoixton Ovrtotntwy (Entity Reoslution), pe éudaon otnv avamtuén aAyopiBuwyv
opolotnTag, Sopwv SeSoUEVWY, OXNUATWY TIPOCEYYLOTIKOU UTTOAOYLOMOU KOl EMEKTACLUWY

(kataveunuévwy) Aboswv mou aglomolouv SLadopeg TEXVIKEC TUXALOTIOINONG,

e otnv aviyveuon As€lkoypadkwv oAAA Kol CNUOCLOAOYLIKWY OUOLOTATWY, UE XPron HEyAAwY

YAWGOOIKWV POVTEAWVY (LLMS),

e otnv edapuoyn HEBOSWV PNXOVIKAG UABNONC Kol TEXVNTAG VONUOOUVNG OE ETEPOYEVN
nedia, Omwg n Latptky dtayvwaon, N poPAedn otnv atpikn Stadoyn acBevwy, n MpoPAedn
modoodalplkwV YEYOVOTWV Kal n povtehomoinon aAAnAsmidpdcswv ¢portntwv pe LMSs

(Learning Management Systems).

Eival katoxog d1daktopikol SIMAWUATOC ard to EAANVIKO AVOLKTO MAVETILOTALO KOL LETATTUXLOKOU
tithou (MSc) amd 1o University of York (Hvwpévo Baoilelo). H Sidaktopiky tou Siatplpn

napouaotaotnke oto IEEE Intelligent Informatics Bulletin Tov Alyouaoto tou 2017.

‘EXEL CULUETEXEL EVEPYA OTNV £PEUVA OTOUG TOUELG TNG oAokARpwong Kal avaluong dedopévwy. Exel
ONUOOLEVUDEL EKTEVWG OE EMLOTNMOVLIKA TieploSIKA uPnAng amnxnong, onwc ta TKDE, DMKD, KAIS,
TIFS, Inf. Systems, KBS kol DPDB, kaBw¢ kal o€ MPakTkd peyaAwv SleBvwv ouvedplwv, omwe ta

PVLDB, ICDE, ICDM kot EDBT.

Ap. EppavounA ZouAlag

O EppavounA ZoUhwag eivat MéAog E.ALM. tou tuApotog NoonAeutikic tou EBvikol kot
KamobiotplokoU Mavemiotnuiov ABnvwy pe yvwoTiko avtikeipevo MAnpodopikn tng Yyeiag. Elval
AutAwpoatolxog HAektpoAdoyog Mnxavikog kot Mnxovikog Ymoloylotwv EMIM pe AlSaktopko
AtmAwpo 0To avTiKeipevo Twv Euduwy cUCTNUATWY KAl TILO CUYKEKPLUEVO otn Mnxaviky Mabnon
Kol E€0puén Aebopévwv Yyelag, amd to Tunpa HAektpoAoywv Mnyovikwv kot Mnyovikwy
Yroloytotwv (EMM) kat tnv latpiky XxoAn (Movemotiuio Moatpwv). H klpla €pesuvo Tou
ETUKEVTPWVETAL OTLG TexVoAoyieg MAnpodoplKknG Kal EMKOWVWVIWY oTnv Yyela kot TNV ekmaibeuon.
Exet OlateAéosl avoAUTAC KOl TIPOYPAUUATIOTAG, Slaxelplotng mANBoug TANpodopLakwy
CUOTNUATWY Kal TAATPopuwy SLadIKTUou yia epappoyEC oToV TOPEQ ekmaibeuonc, KATAPTLONG Ko

uyelag, ol omolieg €xouv avamtuxBel pe diadopeg texvoloyieg onwe PHP, JSP, ASP, HTML5, XHTML,



JavaScript, Joomla, Wordpress. H 8tdaktikn eunelpia tou mepthapBavel, petaty GAAwv, padnuata
Blolatpikng texvoloyiag, MANPodopLKAG TNG Uyelag, BLOOTATIOTIKAG, €KMALOEUTIKNAG TeXVoAoyiag,
avamntuéng LotooeAidwv kat texvoloywwv dladiktuou, deflotnteg TMNE kal yla otnv EBvikA ZxoAn
Anpoolag Awoiknong to avtikeipevo tng Sloiknong épywv. EmumAéov ota mAaiowa tng dnuooiag
Sloiknong €xel peyahn epmelpla os Bépoata epyodeiwv avadlopydvwong Asttoupyiag dnuooiwv
UTnpeolwy, avolktwyv &edopévwy, 6nuociwv SlaPfouleloswy, Asttoupylag amoBetnpiwv Kot
TIOALTIKWV avolkTng SlakuBépvnong. Exel Stateléoel mpoiotduevog oto Tunpa MAnpodoplkng tou
EOBvikoUu Kévipou Anudolag Aloiknong, EMLOTNUOVIKOG ocuvepydtng tou TEI ABrAvag, esvw £xel
CUMUETAOXEL 0 MANBOC EUPWTAIKWY TIPOYPOUUATWY OTOV TOUEN TEXVOAOYLWV TNG UYelag, thAe —
LOTPLKAG, Texvoloylwy ekmaibeuong, TnAe - eknaideuong pe dtadopoug dopeic. Zpepa sival pélog

EAIN tou epyactnpiou NAnpodopikng tng Yyeiag oto Tunua voonAeutikig tou EKMA.
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KEDAAAIO 1: EIZAMQrH 3THN PYTHON

H Python eival pla oxupn YAWooa MPoypapUaTIOUoU, EUKOAN YLa ELCAYWYH OTOV MPOYPAUUATIOUO
ylo TOV OpXAplo TPOYPOUUOTIOT KOl HE TPOXWPNUEVO XOPOKINPLOTIKA yld TOV EUMELPO
T(POYPOULATLOTH TIOU LMOPEL VA KOTAOKEVAOEL e TNV Python emayysA\patikeég ebappoyeg. Eival pia
YAWooa TPOYpPOUUATIONOU TIoU UTtooTnpilel To aviikelpevootpadEg (object oriented) unmddelypa
yla tnv avamntuén epappoywy, SLHBETEL ETOLUN CNUOAVTLKI AELTOUPYIKOTNTA oTNV TUTILKN BLBALOORKN
¢ (standard library) mou £pxetal MPOEYKATECTNUEVN LE TN YAWOOQ, EVIOXUETOL TIEPOLTEPW ME Eval
mMAoUoL0 owkoolotnua etwteplkwv BLBAloOnkwy, Kal propel va xpnoluomolnBel SladpacTikd

(interactively), yeyovdg mou emutpénel tn ypriyopn SokLur Kwoika.

Ye auTO To Kedpdalalo Ba mpaypatonolnbel pla sloaywyn os PACLKA XAPAKTNPLOTIKA TNG YAWCOOS
Omw¢ n ovvtaén Twv evtoAwv tng Python, oL TUmoL 8edopévwy, oL eVIOAEG EAEyXOU PONG EKTEAEDNG,
Ol CUVOPTHOELG, O QVTIKELLEVOOTPODNG TTPOYPAUUATIONOG LE TNV Python kat GAAa. 2TO XWPO TNG
avaiuong dedopévwy, n Python Siatnpet kupiapxn B€on Adyw tNG OMAGTNTAG TNG KOL TWV TTOAAWVY
BLBALOBNKWV TTOU SLAOETEL KOl TTOU EMITPEMOUV TNV MPOXWPNHEVN avaluon Sedopévwy ota eminmeda
™¢ meplypadkng avoAutikng (descriptive analytics), Tng mMPoyvwoTikng avaAuTikhig (predictive

analytics) aAAa kat tng kaBodnynTikAg avaAuTLkAg (prescriptive analytics).

levika yla tnv Python
H apxikn 16€a tg yA\wooag mpoypappatiopol Python cuveAndbn amod tov OAavdo emiothpova
umoAoylotwy Guido van Rossum to 1989, evw n mpwtn €kdoon tng kukAodopnoe to 1991. Ektote N
Python €xel e€ehxBel paydaia €toL wote (oTLg apxeG Tou 2026 TOU YpAPTNKE TO MAPOV CUYYPAULA)
va anoteAel KATA yevIKr opoAoyia Th yYAWooo POYPAUHUATIONOU e TNV UPNnAOTEPN SNUOTIKOTNTA,
ML Stakplon mou Slatnpel edw Kol apketd xpovia. Xwplg va pmopel va untoAoylotel pe akpipela,
£KTLIATAL OTL N Python Atav Adn kuplapyxn and mAeupdc anodoxng ylo apxapLoug MTPOYPOUUATIOTEG,
yla emotpovec dedopévwy (data scientists) kat yia akadnuaikol¢ xprioteg amnod to 2018-2019. tnv
Ewova 1 odalvetat n katataén tng Python otnv mpwtn 6éon ovapsco ot YAWOOEC
TPOYPOUUATIONOU cUpdwva He TIC UeTproel tou TIOBE index tov ¢efpoudplo tou 2026.
Avalntwvtag toug Adyoug yla toug omoioug n Python mapouoidalel toco uPnAn Snuotikotnta,

propoUV va aviyveuBoulv ot akdAouBot:

o Eival dwpeav kat evkoAa Stabéaiun og 6Aoug (m.x., Windows, MacOS, Linux, K.Am.).
o AlaB£tel SlepunveuTh eVTOAWVY Kal onpelwpatapla (jupyter notebooks) yia dpeon ektéleon

TUNUATWY KWOLKAL.



e ApKeT Aeltoupylkotnta Tmeplhappavetal otnv dla v yAwooa, sival dnladn onwg
avadépetal pa “batteries included” yAwooa mpoypapatiopoU.

e Eival avolktoU kKwdika (open source).

o AlaBEtel Swpedv peyalo mAnBog BLBALoOnkwv (m.x., numpy, pandas, matplotlib, scikit-learn,
pytorch k.a.) mou eival eUkoAo va eykaBiotavral kot va ansykodiotavral.

e Ta mpoypdpparta os Python gival cUvtopa kal eUKoAa avayvwolpa, os Babud paiiota mou
ouxva avadpEpovtal WG «EKTEAECLUOC PEUSOKWEKACY.

e H kowotnta tng Python eival 1dlaitepa UOOTNPLKTIKA Kal uTtdpxel MAnBwpa Sltabéoiuou

UALKOU yla ekpdBdnon tng Python.

Feb 2026 Feb 2025 Change Programming Language Ratings Change
1 1 - Python 21.81% -2.08%
2 4 - @ c 11.05% +1.22%
3 2 v @ C++ 8.55% -2.82%
4 3 v . Java 8.12% -2.54%
9 5 @ C# 6.83% +2.71%
6 6 JS JavaScript 2.92% -0.85%
T 10 A @ Visual Basic 2.85% +0.81%
8 15 R R 2.19% +1.14%
9 7 v SaL 1.93% -0.93%
10 9 v @ Delphi/Object 1.88% -0.29%
Pascal

Ewkova 1 — Aeiktng SnUOTIKOTNTAG YAwoowv mpoypauuatiopou, TIOBE index, yia tov @eBpoudpto tou 2026,
https://www.tiobe.com/tiobe-index/

To 6vopa tng Python mpoékude anod tnv Kwkn oslpd “Monty Python’s Flying Circus” tou BBC tng

QaYYALKNG TNAEOPpAONG Kol amoTéAeoE eEEALEN TNG YAWOOAC TTpoypaatiopou ABC.

H Python eival pla yAwooa TPoypapUATIONOU TIou umootnpilel TMOAAQMAG TPOYPOUATIOTIKA
unodelypata (programming paradigms), Onw¢ Tov SlASKOCLAKO TPOYPOAUUATIONO, TOV

QVTLKELPEVOOTPADN TIPOYPOUUATIONO, OAAG OKOpA Kol O KAmowo Pabud tov ouvaptnoloko


https://www.tiobe.com/tiobe-index/

TIPOYPAUUATIONO. Ze avtiBeon Ue YAWOOEC MPOYPAUUATIOHOU Onws n C kat n C++ mou eival
UETOYAWTTL{OPEVEG KAl TTapAyouV gyyevn (native) kwdka pnxavig, n Python (otnv kUpLa uAomoinon
g, tnv CPython) akoAouBel uPpldIkod poviéNo ekTéAeonG, PeTayAwTTiong Kal diepunveiog. Etoy,
evw otn C 0 HETAyAWTTLOTAG (TT.X., 8CC) UETATPEMEL TOV Tinyaio Kwdka os SuaSIKO EKTEAECLUO
KWLKA HEow TwV PpAcewv Tipoemnefepyaciog, LeTAyAWTTLONG Kal ouvdeong, otnv Python o mnyaiog
KWLKAG peTayAwTttiletal apylkad os evdlapeon popdn bytecode (apxela .pyc) mou ekteAeital amno
NV €KOVIKN pnxov tng Python (Python Virtual Machine - PVM). To Xapaktnplotikd auto
npoodépel auénuévn dopntotnta Kal guelifla, av Kol n eKTEAECN HMEOW ELKOVIKAG MNXOVAG
CUVETTAYETAL OUVNBWC ULKPOTEPN amodoon os oxéon Ue YAwooeg Tou petayAwTttilovtal ansubeiag
og gyyevn Kwdlka pnxavie. Emiong, n Python eival pia yA\wooa pe Suvapikolg TUMous dedopévwy
TIOU onuaivel OtL 0 tumog Sedopévwv KABe petaBAntrg Sev mpoodlopileTal pLovoorpavia oto
pOypappa, aAAd avayvwpiletal pe Baon tnv T mou Kabe ¢opd avartiBetal otn PetafAnTh Kal
pmopet va aAAAZeL KaTA T SLAPKELO EKTEAECNG TOU TIPOYPAUMATOC. Eval aKOUO XOPOKTNPLOTLKO TNG
Python eival otL S1a6étel «oUANEKTN amoppludtwy» (garbage collector), onwg kot AAAEC YAWOOEG
TIPOYPAUHUATIONOU (TT.X., Java), mou avahapPavel va kataotrost ova Stabéatun tn wvAun mou ixe
SeopeuBel amod petafAntég oM@ dev xpnotporoleital mAéov. H Umapén tou garbage collector
QMOAAQCOEL TOV TIPOYPOHUHATLOTH amd Thv euBUVN TNC XElPOKivNTNG S€0EVONG Kal amoSEapeVONnG

MUVAUNG Kal SLeUKOAUVEL TN cuyypadr) TPOYPOUUATWV.

1.1.1. Awavopéc kat ekbooelg Tng Python

H kUpla Stavoun tng Python eivat n CPython, oAAd umdpyxouv kot GAAEG Slavopuég Oomwe n PyPy n
ornola SdtaBetel Just-In-Time (JIT) petayAwttioth yia BeAtiwpévn anddoon, n Jython mou ekteleitat
navw otnv mhatdpopua tng Java (JVM), kat n IronPython mou otoxevel oto owkoovotnua tou .NET,

KoBepia pe SlapopeTIKA XAPAKTNPLOTLKA UAOTIoinoNG Kal media ebapUoyic.

IXETIKA HE TIG €KOOOELG TNG YAwooag, oto mapeAbov umnpxe n €kdoon 2, mou OpwG £PTacE OTO
Aeyopevo «téhog {wne» otnv 1" lavouapiou tou 2020 pe tehsutaia smpépoug £kdoon va sival n
2.7.18. AuTO onuaivel OtL dev mpokeLtal va ultapéet €kdoon 2.8 tng Python. H ékdoon tng yAwaooag
Tou e€eAlooeTal Kal ouviotatal va xpnotpomnoleital eivat n €kdoon 3 mou tov OePpoudplo tou 2026
Bploketal otnv €kdoon 3.14, 6nwg daivetal otnv Ewova 2. Eival onuavtikd va avadepbel otL n
Python 2 mnapouotdlel ooupBaTOTNTEG CUYKPLTIKA He tnv Python 3 oL omoie¢ kaBlotouv
TIPOYPAUATA TIOU €ilval Yypoppéva og pLa amd tig 800 ekSOOELG, Un ekTeAéoiua otnv GAAN £kdoon.
A6 TNV GAAn pepld oL emipépoug ekdooelg tng Python 3, my. 3.14, 3.13, 3.12 Kk.0.K. £€Xouv
cuppatotnta mpog to Tiow (backwards compatibility) mou onpaivel 0Tl KWSLKAC O OMOLOG €XEL

avarmtuxOel yla pla madawdtepn €kdoon tng Python 3 pmopei, kotd kavova, va ekTeAeoTel KAl O



VEOTEPN £KS0ON XWPIG VA AMALTOUVTOL TPOTIOTIOLOELG, EKTOG EAV XPNOLOTIOLEL AEITOUPYLKOTNTEG

TIoU €XoUV pNTA amocupBel ) xapaktnplotei wg deprecated (kotnpynUEVEC).
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Ewkova 2 — Ek600€(¢ TnG Python, https://devquide.python.org/versions/

1.1.2. Eykatdotaon tng Python

Ynidpxouv 81ddopol TPOTOL LE TOUG oTtoloug Unopel va eykatootabei n Python og éva UTIOAOYLOTIKO
clOoTNUA, eVW Ot TOAA ouoThipota, Onwg oe Sladopeg Slavouég Linux, n Python eival nén
TPOEyKATEOTNEVN. Evag amAog tpdémog eykatdotacng eival n AAdn tou emionuou apyeiou
gyKataotaong anod tov Lotdtono tou Python Software Foundation (python.org) kal n ektéAeon tou,
akoAouBwvtag ta PBrApata tou odnyol EYKATAOTACNC YLOL TO OVILOTOLXO AELTOUPYLKO GUOTNHUA

(Windows, macOS n Linux).

1.1.3. Meta tnVv eykatdotaon tng Python

MeTd tnv eykataoctacn tng Python pmopouv va xpnotponownBoulv:

e To REPL (Read Evaluate Print Loop) tng Python mou pmopel vo kKAnBel amd tn ypappn
€VTIOAWV TANKTPOAOYwVTOC TNV €VTOAN python f python3 ) py avdAoya pe TnV ykataotaon.
e To Python IDLE shell mou emitpénel tTn aAAnAosmdpaoTiky ektéleon evtoAwv Python, tnv
gudavion amoteAsopdtwy, oAAG Kol TN ouyypadr ektédecn Kal amnoodaApdtwon
Tpoypoppdtwy o€ Python. Ita Windows dnuloupyeital pe tnv eykatdaotacn tng Python

£1KOVi&LO OXETIKNC epapUoynG.

Qotooo, umdpxouv Kal GAAoL TpoToL cuyypadng Kal ektéAeong kwdika oe Python mou pmopel va
glvat BoAkdtepol yla cuyypodr] Kol EKTEAECN OMOCTIACUATWY KWK 1 LEYOAUTEPWY EDAPUOYWV.
Oplopévol tétolol tpomol sival ta Jupyter Notebooks kat to IDEs (Integrated Development

Environments), 6nwg to Visual Studio Code mou 8a avadepBbouv otn cuvEXELa.


https://devguide.python.org/versions/

1.1.4. To REPL tng Python

Onwc ndn avadépbnke, epooov €xel mponynbel n eykatrdotach tng Python, to REPL pmopel va
€KLV OeL amAd MANTPOAOYWVTAG OTNV VPO EVIOAWV TNV VIOAN python. Tote, Ba epdaviotel Eva
nieptBarlov aAAnAenidpaong Tou Xpnotn pe tnv Python mapopolo pe tnv Ewkdva 3. Ito neplBaiiov
OUTO 0 XPNOTNG UMOPEL VO ELOAYEL EVTOAEG OTNV TTPOTPOTIA >>> Kal va AAPEL OIMOTEAECUATO, OTWG

yla mapadelypa dpalvetal Ye ta mopadslypata twv evioAwv mou epdavidovral otnv Ewkova 3.

Python 3.14.3 (tags/v3.14.3:323c59a, Feb 3 2026, 16:04:56) [MSC v.1944 64
bit (AMD64)] on win32
Type "help", "copyright", "credits" or "license" for more information.

2 + 3%*2
11
.upper()
'"HELLO'
math
math.sqrt(2)
1.4142135623730951

Ewova 3 — To neptBaAdov REPL, mapadeiyuata eVioAwv.

Ta apxika REPL onpaivouv:

e Read — ANYPn sw06bou amd tov xprotn, Snhadn slcaywyn python kwdika kat Sedopévwy
oo TOV XpHoTN.

e Evaluate — amotipnon kwdika.

e  Print — ekTUMWON AMOTEAECUATWV.

o Loop — emavdaAnyn g Stadikaoiag HéExpL va yivel €€080¢ amo tov xprotn.

To REPL glval Xpriolo yLo ypryopo MELPAUATIONO, mooPAAUATWON KwSIKA, SOKLU cUVAPTACEWY
BLBALoONKwv, kKAfon cuotruatog BonBdelag, m.x. >>> help(str) kat dMa. ElSIkOTEpQ, EMITPEMEL TNV
AQueon ektédeon Kwoka, XwpLg avaykn va ypadel mMANpeg nmpoypaupa (script). H mAorjynon oto
LOTOPLKO TWV EVIOAWV YIVETAL PE Ta BEAAKLO TTAVW KAl KATW TOU TTANKTPOAOYIOU, EVW ETUTPEMETAL
oAAQ Kot SleuKOAUVETAL N elcOywyr eVIoAwv TIOAAamAwyY ypappwy. H €é€odog amo to REPL yivetat
mAnktpoloywvtag exit() f pe Ctrl+D. Ano tnv €kdoon 3.13 tng Python to REPL SlaBétel syntax

highlighting kat n £€060¢ pnopel va yivel mMAnktpoloywvrag exit, xwpic mapevOEoeLg.

1.1.5. 2Zuyypadn Kal eKTEAEON TIPOYPAUUATWY UE To IDLE

To IDLE (Integrated Development and Learning Environment) oamotelel To €eVOWHATWUEVO
niepBaAlov avantuéng mou cuvodelel TNV enionun Stavour tng Python. Mpodkettal yia éva armAo Kat
ehadpl epyadeio, MpooavatoAlopévo Kupiwg otn Sibaokalia kol otnv eolkelwon apxdpLwy
Xpnotwv pe TN yAwooa. Meplhappavel Stadpactikd kEAudpog (REPL) yla dpecn eKTEAEOH eVTOAWVY,

Baolkd emefepyaoty KWOWKO HE EMONUOVON oUVTAENG KOl autopatn otolyion, Kobwg kat



OTOLXELWOELG SuVATOTNTEG EKTEAECNC KOl EVIOTILOUOU OGOAUATWY HECA Mo £va eviaio ypadlko
neplBaAAov. Av kal Sev SL0OETeL Ta MPONYUEVA XAPOKTNPLOTIKA emayysApotikwv IDE kal Sev
evdeilkvuTal ylo UeyaAng KAlpakag ebapUoyEC, AamoTeAEL POKTLKA EMAOYN YO TO MpwTa Bruata
otnv Python, kaBwg Asitoupyel Xwpi¢ oUVBETn mMapAPETpOTOINCN KAl TOPEXEL QAUEDN

avatpododoTnon otov Xpnotn.

Ma tn Snuwoupyia evog véou mpoypappatog oto IDLE, and to mapabupo tou IDLE Shell emiAéyetal n
evtoAn File > New File, n omoia avoiyel éva véo mapaBupo enefepyaotr) kKwdika. Ito mapabupo

QUTO 0 XPROTNG UIMOPEL vaL TTANKTPOAOYIOEL TOV TINYOLL0 KWSLKO TOU TTIPOYPALUATOG.

Ma tnv eKTEAEON TOU TPOYPAUMATOC eTAEYETOL N €vtoArl Run = Run Module (r To mAnktpo F5).
Kata tnv mpwtn ektéAeon, to neptBarlov InTa tnv amobrKeuon Tou apyelou HE €va Ovoud, yla
napadelypa test.py. Meta tnv amobrkeucon, To TMpoypapua petayAwttiletal oe bytecode kal
ekteleltal, evw n €€060¢ Kot TuXOV pnvopato odpaApdtwy epdavidovtal oto nmapdbupo tou IDLE
Shell. Me tov tpdmo auto, o eMefepyaoTr¢ XpNOLLOMOLEiTaL yia T cuyypadn Tou Kwdika kal to Shell

ylaL TNV €KTEAEDN KOL TNV TTOPOKOAOUONON TWV OIOTEAECUATWV.

A test.py - C:/Users/cgogos/Desktop/test.py (3.14.2)

File Edit Format Run Options Window Help
print ("Moapdds 1yu

= int (input (" FoEvov aplBud: "))
print ("AitnhdéoLioc:™, 2 * x)

Edit Shell D&
¥ = math.sqr
b4
1.4142135623
X, X**2, x*H
(1.414213562
Ln:4 Col: 0

= RESTART: C:/Users/cgogos/Desktop/test.py
Nap&detype orto IDLE!
AQos Evov apLBud: 21
AlmidoLog: 42

Ln: 8 Col: 0

Ewéva 4 — To neptBaAdov ouyypaprc kot eKTEAeonG mpoypauudtwy IDLE.

1.1.6. Xuyypadn kal ektéleon mpoypaupdtwy oto VSCode

To Visual Studio Code (VS Code) eivat £vag oUyxpovog, sladplc ala Siaitepa oxupog
enefepyaotic kwdlka Tmou avarmtvooetal amd T Microsoft. Xpnowomolsital ywa avamntuén
Aoylopwkol og mMARB0C YAWooWV TPOYPAUUATIOUOU KoL SLAKPIVETAL YLOL TNV EMEKTACLULOTNTA KAl TV

EVOWUATWON TiPoNYUEVWY epyaleiwv mou SteukoAUvouv tn Stadikacia avamntuéng.

Metafl twv PBaclkwv Suvatottwyv Ttou mepllapfdvovtal n emoiuaven ouvtaéng (syntax

highlighting), n avtopatn ocupmAipwon kwdika (IntelliSense), TO0 EVOWUATWHEVO TEPUATLKO

6



(integrated terminal), n duvatotnta anoopaAudtwong (debugging), n MAorynon otov Kwdika Kat N
Slaxeilplon €pywv. Méow emektaoewv (extensions), To VS Code pmopel va petatpanel o mARpeg
olokAnpwuévo meplBarlov avamnrtuéng (IDE), pe umootnpEn yia Git, 16eata neptBariovra Python,
linters, epyaAeia popdomoinong kat otatikng avaiuong kwdika, SoKIUES (testing frameworks) kot
TOAAQ AAAa. o Tov AOYo QUTO XPNOLUOTOLEITAL TOOO OTNV eKTALSEVUCN OO0 KAl O EMAYYEAUATIKA
£py0, QTO HLKPA TIPOYPALATA W HEYAANG KALLOKAC CUOTHUOTA AOYLOULKOU TIOU avartiooovTol

CUVEPYOTIKA.

To VS Code eivat dwpeav kot SiatiBetal yia Windows, Linux kat macOS. H eykatdotaocn
TipayOTonoLelTal eUKoAa akoAouBwvtag TiG odnyieg tng emionung LotooeAidag tou. Metd tnv
EYKATAOTOON, 0 XpNotng Umopel va avoifel évav pakeho £pyou péow TG emhoyng File > Open
Folder. O ¢dakehog autog meplhappavel ta apyeia mov Boa enefepyactolv katl Oa ekteAeotolv: av
elval kevog, pmopouv va SnuloupynBolv véa apxela kwdika péca amd Tto TeplBaiiov. lNa
napadelypa, av €xel dnuovpynbet évag dakelog, prnopel va emiheyel kKat va avoiéel oto VS Code.
2Tn oUVEXEL, Ue TNV emloyn File - New File, Snuoupyeital éva véo apxelo, Ty. test.py. Meta tn
ocuyypodn Tou KwdKa Kal TV amobnKeuon Tou apxeiou, n ektéAeon pmopel va mpaypatonolnOei
gite péow tne emdoyng Run - Run Without Debugging, €ite H€Oow TOU EVOWUATWHUEVOU TEPUATLKOU

LE TNV evtoAn python test.py.

Kata tnv mpwtn enefepyaocia apyeiou Python (dnAadn apyeiouv pe katdAnén .py), to VS Code
£VTOT{EL TOV TUTIO TOU apxelou Kol TPOTEIVEL TNV gyKATACTACN TNG EMioNUNG enéktacng Python. H
arnodoxn TNG MPOTAOCNG AUTAG E(VOL AMOPALTNTN YLA TNV EVEPYOTIOINON AELTOUPYLWV OTIWG EKTEAEDN,
debugging, autopatn cupnAnpwon kat emhoyn dieppnveutn (Python interpreter). EmumAéov, eivat
OKOTULHO Va evepyomolnBel n puBuLon File = Auto Save, wote To apyeio va amoBnkeVeTAL AUTOHATA
TPV amod tnv ekTéAecn. Me Tov TPOTO AUTO amodeUyeTaL N €KTEAEON MOAALOTEPNG £KSOONG TOU

KwdKa o Sev avTLoTOLXEL 0TO TtepLeXOEVO Tou epdavileTal atnv 08ovn.

To Visual Studio Code umootnpilel tnv ektéheon apxelwv Jupyter Notebook (.ipynb) péow tng
EYKATAOTAONG TNG EMEKTAONG Jupyter. META TNV EYKATACTACH TWV OXETIKWY EMEKTACEWY, TA apXela
.ipynb avoiyouv ce SLadpaotikd mepBAANoOV TAPOpOoL0 e autod tou kKAaowoU Jupyter Notebook,
ETUTPEMOVTAG TNV EKTEAEON KWALKA ava KeAl (cell), Tnv epdavion anoteAecudtwy, ypadbnuaTwy Kot
TUWVAKWY, KOBwWE KoL TNV eVowUATwon Kelwévou oe popdn Markdown. Me tov tpomo autd, Onwg
dalvetal otnv Ewkéva 5, to VS Code Aettoupyel wg eviaio mepparlov avamntuéng tooo ylo apyeia
Python (.py) 600 kat yia Stadpaotikd notebooks, SieukoAUvovtog tnv avaluon Ssdopévwy, Tov

TELPAUOTIONO Kol T SidaokaAia.



|;o: <« aa Y BODEOD - O x‘|=qz <« Qa ¢y BDEDO - O X
@ EXPLORER “ @testpy X B testipynt o~ @ - LD

 OPEN EDITORS L]  OPEN EDITORS

B testipynb X @O -

b > Mz, L
X # testpy print( "Napabetypa oto IDLE!™) % testp EN rate  + Code =+ Markdou B
2 x = int(input("ados evav apibps: ")) X B test
print("aumidorog:”, 2 * x)

&
o *

3 = Inpeiwpatdplo péoa amd to VS
@ testipynb - B testipynb Code

TERMINA T - ~ - -
@ testpy TERMINAL + . X

® testipynb

VA

% testpy
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Ewkova 5 — EKTEAean apyeiou KwSLKA .py KAl apxeiov onuelwuatapiou .ipynb oto Visual Studio Code.

1.1.7. Zuyypadn kat ektéAeon Tunuatwy kwdika oto Google Colab

To Google Colab (Colaboratory) amnoteAet pia Stadiktuakn mAatdopua ektédeong kwdika Python, n
omola PBaoiletal otn ¢plocodia Twv Jupyter Notebooks kat Aettoupyei €€ olokAnpou pEow
duMopetpnth. Aev amaltel eykatdaotoaon tg Python otov tomkd umoloyloth, Kabwg n ektéAeon
T(POYLLOTOTIOLELTOL O€ UTTOAOYLOTLKOUC TTOPOUC TIOU TIOpEXOVTaL amo tTn Google evw yLa Tn Xprion tou
amatteitol Aoyoplaopog Google. To Colab meplapPavel mpoeykateotnuéveg BLBALoBOnkeg mou
XPNOLUOTIOOUVTAL EUPEWG OTNV avaAluon SeSouévwy Kal oTn HNXavikn paénon, onwg NumpPy,
pandas, matplotlib, TensorFlow kat PyTorch, evw mapéxel kot Suvatotnta aflomoincng EmLToyuvIwy,
onw¢ GPUs kot TPUs, yla tnv emtayuvon umoloylopwv. MapdAAnAa, umootnpilel ocuvepyatikn
enetepyacia og mpaypaTiko xpovo, Pe anobrkeuon Twv apxeiwv oto Google Drive, yeyovog mou to

KaBlotd WoLaitepa KATAAANAO yLa KTIOLOEUTLKES KOl EPEUVNTLKESG EPAPLLOYEG.

H &nuloupyla evog véou onuelwpatapiov mpaypatomnoleitol pe eicodo otnv mlatdoppua tou Colab

(https://colab.research.google.com/) kat emloyr} véou notebook. To €yypado mou dnuloupyeitat

amnoteAeital anod keAld (cells), ota onola pumopet va ypadet site kwdikag Python elte emegnynuatikd
kelpevo oe popodr Markdown. KaBe keAil ekteAeltal autovoud, HUE TO KOUUTL EKTEAEONC 1 LE TOV
ouvbuaouo Shift+Enter, kal to anmotéAeopa epdavileTol AUECWE ATIO KATW, EMLTPEMOVTIAG OTASLOKNA
QVATTUEN KOl €AEYXO TOU TIPOYPAMMOTOGC. A TApAdelypa, O €va ONUELWUOTAPLO UTOpPEl va
cupnepAndBel kwdikag mou dnuoupyel tuxaio 100 onueia oto dLOSLACTATO XWPO, KAL TTAPAYEL
vypadikn amelkévion oe popdn daypapparog diacmopds. H oxedlaon tou ypadnuatog Unopst va
npaypatonolnet ansuBelag pe tn BLBAL0ONKN matplotlib (Eikdva 6), n omola eivat én Stabgotun

oto neplBAaiov xwpig mpdoOeTeg eVIOAEG EYKATAOTAONG.


https://colab.research.google.com/
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[21 .
o 0s ° 1 :.meor“t numpy as.np
@ 2 import matplotlib.pyplot as plt

3 # Opiopog mArBoug onueiwv

4n = 100

5 # Anuioupyia tuyaiwv onueiwv oto 61dotnua [0, 1)
6 x = np.random.rand(n)

7 v = np.random.rand(n)

8 # MNpadikr amelkovion

9 plt.figure(figsize=(2,2))

10 plt.scatter(x, y)

11 plt.title("Tuyaia onueia oto 61é1dotato sminsdo™)
12 plt.xlabel("Afovac x™)

13 plt.ylabel("Afovac y")

14 plt.grid(True)

15 plt.show()
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Ewkova 6 — Anutoupyia evog ypagnuatog diaocmopac oto Google Colab.

1.2. Eykatdotaocn BLpAoBnkwv

H Python &laBétel éva mAololo owoovUotnua PBiPAoBnkwy (libraries/packages) mou emektelvouv
ONUAVTIKA TIG SuvaTOTNTEC TNC, WSlaltepo oTov XWPOo TNG avaAuong Ssdouévwv. H eykatdotoon
BBALOONKWV YiveTaL HEOW EVOC SLAXELPLOTI TIAKETWY KOL O TIPOETIAEYUEVOC SLOXELPLOTHG TIAKETWVY
otnv Python eivat to pip mou emkowvwvel pe to PyPl (Python Package Index - PyPl). To PyPi eival to
emionuo Keviplkd amobetnplo xAadwv BLBAoOnkwv tng Python onwg to numpy yia aplBpntikolg
umoAoylopouc, To pandas yla avaluon dsdouévwy, to matplotlib yla omtikonoinon, to scikit-learn

yla avamtuén ebopUoywy UNXavikng Ladnong K.o.
Mo va eykataotadei pia BLBAL0ORKN apKel, amod tn ypappn evtodwy, va 600si n evtoAn:
pip install ovopa maxkétou

Juviotatal av UMApPXOUV EYKATECTNUEVEG O €va cloTNUA TIOAAEG ekdOoelg Python n xprion tou

SLakomtn -m we €€NG:



pip install -m ovoua HoKETOU

niou Staodpalilel OTL To pip avilotolxel otnv emBupnt €kdoon tng Python. Etol yia mapddetypa yla

va eykataotabel n BLBALoORkn pandas pnopei va 600ei n akdAouBn evtoAn:
pip install -m pandas

Av gival emBupnTto va eykatootabel ouykekpluévn €kdoon tng BLBALOBNKNG, auUTO UImopel va yivel

LE HLO EVIOAR TNG LoPPNG:

pip install -m pandas==2.2.0

1.2.1. I6satd neptBaAAovta e TO venv

H eykatdotaon BLPAoBnkwv otn Baolkn eykataotacn tng Python dev Bewpeital KaAn mMPAKTIKA
SLOTL pmopel va 08nynoeL 0 CUYKPOUOEL eKOOCEWV UETAEL SladopeTikwv £pywv (projects), va
EMNPEACEL QAN TIPOYPAULOTO TIOU XPNOLUOTOLOUV TV 8la eykatdotaon Kot vo SUCKOAEPEL TV
QVOTTOPOYWYLUOTNTA KOL TN CUVTAPNON TOU AOYLOMIKOU. JUVETIWC, CUVLOTATOL N dnuiloupyilo Kalt
Xpnon twv Aeyopevwv eatwv meptBarloviwy (virtual environments), wote n eykatdotoon
eruumAov BLBALOBNKWV va pnv ermuPapuvel tn Baolkn eykatdotoon Tng YAwooog Kal va ivat duvatn
n XPNon OouykekpévwY ekddoswv PBLBALOBNKWY, oL omolec evdéxetal va amaltouvial amno
Sladopetikad €pya. H Snuloupyio evog véou 18eatol meplpdAloviog yivetal oe évav ¢dakeho
(kat@hoyo) Tou CUCTHUOTOG APXELWVY UE TNV aKOAOUON eVTOAN, n omola eKTEAE(TAL ATO TN YPAUUN

EVIOAWV:
python -m venv myenv

H evtoAn autr) dnuoupyel évav umokatdhoyo pe dvopa myenv otov TpExovia ¢akelo (to ovopa
myenv pnopei va eival dtadopetikd), o omoiog mepAaUPAVEL L0 OTTOUOVWHEVN EYKATAOTOON TNG

Python Kol Twv OXETIKWY £pyaAeiwv.

H evepyormnoinon tou wWeatou meptBailovrtog yivetal:
e >ta Windows:

myenv\Scripts\activate
e 210 Linux kat oto macOS:

source myenv/bin/activate

Metd tnv evepyormoinon, n mpotpont (prompt) tng ypappng eviohwv eudavilel To Ovopa tou
6eatol meptBaAlovtog péoa os mapevOéoslg (m.x. (myenv)), umodnAwvovtog OTL oL EVTOAEG TIOU

okohouBoUv ektedolvTal 0To amopovwévo TeptBarlov. H eykatdotacn efwtepkwv BLPALOONKWY
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umopel mAfov va mpayuatonolnBel oto deatd meplBairlov pEcw Tou pip. MNa mopdadelypa, ot
aKOAouBeg evioAég eykablotolv tn BLPALOONKN pandas kal otn cuvéxela spdavilouv tnv €kdoon

mge:

pip install pandas
python -c "import pandas; print(pandas. version )"

H amevepyomnoinon tou wWeatou nmeptBdrloviog yivetal Sivoviag otn ypaup eVTIOAWY TNV €VIoANn

deactivate.

Ektog amd To egpyaleio venv, MOU UTAPXEL EVOWUATWHEVO otnv Python amd tnv €kdoon 3.3,
UTTAPXOUV Kol GAAoL TpoToL dnutoupyiag kat Staxeiplong Wbeatwv MepPArOVIWY, OTIWE TO UV KAl TO
conda. To uv amoteAei £€va ocuyxpovo, Lblaitepa ypriyopo gpyoleio dlaxeiplong meplBaAloviwy Kat
efaptoswy, to omoio pmopel va dnuloupyel amopovwpéva meptBallovia Kal vo Slaxelpiletat
TaKETA Pe éudaon otnv anodoon Kal TV avanapaywyLllotnta. To conda, and tnv aAAn mAeupa,
elval éva gupltepo oclotnua Slaxelplong MakETwWY Kot eplBarloviwy mou Sev meplopiletal povo
otnv Python, aA\a pmopet va Siaxelpiletal BLBALoBNKeg ypaupéveg katl os alec yAwooeg (r.y. C,
C++), yeyovog mou 1o Kablotd olaitepo SNUOPIAEG OE EMIOTNUOVIKEG Kol EPOPUOYEC aAvVAAUGONG

Seboptvwv.

Baolkeg evvoleg tne Python
Ytnv mapoloa evotnta Ba mopouclactel o TPOMog Ye Tov omoio n Python mpoosyyilel Baoikég
£VVOLEC TIPOYPOUUATIONOU OTWG Ol LETABANTEC, OL TUTOL SE60UEVWY, OL TEAEOTEC, OL EKPPATELS KOl

n eloodog/£€odoc.

1.3.1. MetaPAntég

Ztnv Python pia petafAnt €ival éva avoayvwploTiko (Ovoua) mou SecpeVeTal SUVAULIKA OE €va
ovTIKe(peVO TNG UvAUNG. e avtiBeon pe yAwooeg pe ototikoUlg TUmoug (static typing) onwg ylo
napadetypa n C, n C++ kat n Java, n Python akohouBei to dynamic typing (ebopuoyn Suvapkwy
TUTIWV), MTPAYUA TIOU onpoivel 6Tl o TUTIOC Sev cuvdéetal e TO Ovopa TG LeETaBANTAC al\d pe to
ovtikelpevo oto omoio autr avadépetal. H avabeon TIUAG MPAYUATOMOLEITAL PE TOV TEAECTH =, O
omolog Snuioupysel A evnuepwvel tn SECUEUON TOU OVOUOTOG OE £va OVTIKEIPEVO, Xwpi¢ va
amatteitot pnth SnAwon tomou. lNa mapddsypa, To (dto dvopa pmopel Stadoxikd va avadépetal o
oképalo, oe Oekadlkd | oe ouUPOAOCELPA, YEYOVOC TIOU QAMOTUTIWVEL T Suvapkn éuon tng

vAwooag.
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1o akolouBo amoomacpa kKwdika (K. 1.3.1), oto REPL, daivetar otL n petafAnti X apyika
npoodévetal (yivetal bound) o pa aképata TIUR, LETA O pLla CUUPBOAOCELPA Kol TEAOG OE €vav
aplBud kvntrg unodlaotoAng. H cuvaptnon id() emotpédel TNV TAUTOTNTA TOU OVTLKELLEVOU TIOU

S€xetal wg oplopa, evw N type() emiotpédel TOV TUTIO TOU AVTIKELUEVOU.

>>> x = 1729

>>> 1d(x), type (x)
(2290839803824, <class 'int'>)
>>> x = "Use python!"

>>> id(x), type (x)
(2290841288240, <class 'str'>)
>>> x = 1.618

>>> id(x), type (x)
(2290826590992, <class 'float'>)

K. 1.3.1 — [Mpoobean UeTaBANTIIC O€ QVTIKEIUEVO SLAPOPETIKWY TUTTWV.

To ovopata twv PeTaPAntwv oxnuotilovtol amo ypdppata (Aatwikol¢ xapaktipeg Unicode),
Pbnola kal tov xoapaktipa umoypdupong (). Ymapyet Stakplon petall melwv kat kedaAaiwv
xapaktnpwv (case-sensitive), emopévw¢ ta ovopata value, Value kat VALUE Beswpouvtatl
Sladopetikad. Emiong, ta ovopata HETABANTWY (Kol YEVIKOTEPA TO OVAYVWPLOTLIKA, OTIWG €ival yla
TOPASELYUA TOL OVOHOTO oUVAPTHOEwWVY) dev eritpémnetol va apxilouvv ano Pndio kal dgv pmopouv

va tautilovtatl pe Sesopeupéveg Afgelg (keywords). O deopeupéveg Aé€elc tng Python eival ot

oKOAOUDBEG:

and as assert async await break
case class continue def del elif
else except False finally for from
global if import in is lambda
match None nonlocal not or pass
raise return True try while with
yield

Mivakac 1 — Ot 35 deouevuéveg Aé€eig tne Python otnv ékboon 3.14 (mpootédnkav 2 Seousuuévec Ag€etg otnv Python 3.10,
n match kat n case).

1.3.2. Tumol bedouevwy

H Ewkéva 7 mapouoldlel TIC BAOIKEG KOTNYOPIEC eVOowHATWHEVWY TUTIWV Sedopévwy Tne Python, ot
orolec Slakpivovtal os mévte kUpleg opadec: Numeric, Boolean, Sequence, Dictionary kat Set. Ot
aplBuntikoi tumot (Numeric) mepl\apfdvouv Tov oképalo (rmX. 42), Tov aplOpd Kwntng

umodLactoAng (m.x. 3.14) kot tov pyadiko apud (m.x. 1.5 + 2.3j), ue ovouaoieg int, float kat
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complex avtiotoya. O tomog bool, o omoilog amoteAei utokAdon Tou int, AVOITAPLOTA TIG AOYLKEG

TIHEC True ko False.

Ot akolouBigc (Sequence) mephappdvouv tic dopgg list (r.y. [1, 2, 3, 3]), str (r.x. "hello") kat tuple
(mx. (1, 2, 3, 3)), ot omoieg amoBnkevouv Statetaypéva ototyeia. Ta Aefikd (Dictionary), Twv omoiwv
o turog sivat dict (m.x. {101: "Maths", 102: "Programming"}), amoBnkevouv {elyn KAEWBLOU—TLUAC,
evw to oUvola (Set), tumou set (m.x. {1, 2, 3}), amoteholv pn Sotetaypéva cUVOAO. HOVOSIKWY

oToLKEiwv.

Data types

|
|
Sequence {101:"Maths",
. 102:"Programming"

list
[1,2,3,3]

bool (umokAdaon

Numeric Tou int)

True, False

complex tuple

1.5 + 2.3] (1,2,3,3)

Ewkova 7 — Baouwkol tumot 6edougvwv tng Python.

1.3.2.1 JuuBoAooeipéc

‘Evag tumnog Sedopévwy pe WSlaltepn onpaoia eivol o Tumog tng cupBolooslpac. Mia cupBolocelpd
opiletat pe pova ('...'") 4 dutha sloaywyka ("..."), evw yla KelUeVO TIOAWY CELPWVY UIMOPOUV va
xpnotwpomotnBouv tpwmAd swcoywyka (..M "ML, Ol cupPolooelpég otnv Python eival
okohouBieg yopaktnpwyv Unicode, yeyovog TOU ETUTPEMEL TN XPHON XOPOKTHPWY oo SladopeTikd

oAdapnta, kabwg kot 161k cUPBOAa.

KaBe xapaktipag pulog cupBolooslpdc pumopel va mpoonelaotel péow dektodotnong (indexing), pe
opiBunon mou &ekiva amo to undév. Ot cupPolooslpeg sival apetapAnteg (immutable), mpdaypa mou
onNUaivel OTL TO TEPLEXOUEVO TOUC Oev pmopel vo tpomomownBel petd tn Snuloupyia toug.
Onowadnmnote npaén daivetal va tig alAalel, 6mwe n ouvévwon (+) A n emavaindn (*), dnuoupyset

£V0L VEO QVTIKEIEVO TUTIOU str.
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OL oupPorooelpéc dlabétouv MAnBwpa HeBOdwy, omwg sival oL: upper(), lower(), strip(), replace()
kot split(), ol omoieg emMITPEMOUV UETAOXNUOTIOUOUG KELWWEVOU XwPIC vo aAAOLWVETAL N apXLKN
oupBolooelpa. EmumAéov, n Python umootnpilet oUyxpovoug pnxoviopoug popdomoinong
oupBolooelpwy, onwe ta f-strings (m.x. f"To amotéAeoua sival {x}"), tn pébodo format() kat tov
naAalotepo tedeotr) %. OL pnxXaviopol auTol EMLTPETIOUV TNV EVOWUATWON TIHWY HETABANTWY HECA

O£ OUPBONOCELPEG e EVEALKTO Kal EUKOAQ OVOYVWOLLO TPOTIO.

1.3.2.1.1 Asiktodotnon cuUPoAOCEIPWY

Jtnv Python, kaBe yapaktipag pLag cupBoloaslpdc Stabétel évav deiktn (index), péow tou omoiou
urnopel va mpoomnehaotel pepovwpeva. H deiktodotnon Eekva amo to 0 yla Tov MpwTo XapaKTnpo
(aplotepa) kat av€avetal katd 1 yla KaBe emoOpevo xopaktnpa mpog ta de€ld. Mo mapddelypa, otn

cuppolooelpd:
s = "this is a test"

o xapaktipag 't' otn 6€on 0 €ival 0 TPWTOG XAPAKTHPAC, EVW O TEAEUTALOC XapaKkTnpog 't' Bploketal
otn Béon 13. EmutAéov, n Python umootnpilel kat apvntikr SelktodoTNon Onwg ¢aivetal otov
Mivakag 2. MNa tnv apvntiky deiktodotnaon, n HEtpnon £ekva amnd to t€Aog TG cUUBOAOCELPAG: O

tehevtalog xapaktnpag xeL deiktn -1, 0 MPOTEAEUTAIOG -2 K.O.K.

t h i s i s a t e s t

0 1 2 3 4 5 6 7 8 9 10 11 12 13

-14 | -13 | -12 | -11 | -10 | -9 -8 -7 -6 -5 -4 -3 -2 -1

Mivaxag 2 — Astkto56tnon ouuBodoaeipds "this is a test”.
1.3.2.1.2 Tepaxouog cupBorooelpwy
O tepayLopog (slicing) emutpémnel Tnv e€aywyn €VOg TUAATOG HLOG CUBOAOCELPAS e TN cuvTaEn:
s[oapxn:térog: prual
omnou:
e apxn (start): o deiktng anod Tov omolo ekva To TURUA (CUpTEpAapBaveTal),

e Tt£log (end): o Seiktng otov omolo otapatd to Tunpa (dev cupmephappavetat),

o BApa (step): to Slaotnua HeToKivnong LETAEY XOPOAKTPWV.
O\a Ta mapanmavw eival TPoaLPETIKA:

o AvmnapaleldpBel n apyn, Oswpeltal n apyrn tng cupPolocelpdc.
o AvmnapaleldpBei to téAog, Bewpeltal To TEAOG TNG CUUPOAOCELPAG.

e AvmnapaleldpBei to frina, Bswpeital ico pe 1.
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Mta onuavTiki mapatnpnon eivat otL to TuRua s[start:end] meplaupavel tov xapaktnpa otn B€on
start, aA\a oxL tov xopaktipa otn Béon end. AnAadn, To end eival amokAelotikd (exclusive). H
Suvatdtnta Kaboplopol BUATOG EMITPEMEL, HETALU GAAwWVY, TNV avilotpodr tng cuUPoAooELpdg
(s[::-1]), kaBwcg KoL TNV €mMAOYN XAPOKTNPWV LE CUYKEKPLUEVN TieplodikotnTa. Mia ouvodn Ttwv

SuvaToTNTWVY ToU TepaxLopoU cupPBolooslpwy mapouotaletal otov Mivakag 3.

TEPAXLONOG Epunveia Napddsiypa

s[start:end:step] TUAMA TG S amo Tov &eiktn s[5:7] =2 'is'
start péxpt kat tov deiktn end-1

s[start:] TuApa t™g s amd tov Geiktn | s[8:] 2> 'a test'
start u€xpL to TéAog

s[:end] TuAMaA TG s ard thv apxn uéxpt | sl:41 > 'this'
pEXPL KaL Tov Selktn end-1
sl:] Avtiypadr tng cuUBONOCELPAC s[:] 2 'this is a test'
s[::-1] AqUN avtiotpodnc | sl::-1] > 'tset a si siht’
oupBoAoaoelpag

Mivakac 3 — Auvatotnteg tepaxtouou cuuBoloaeipwy, mapadeiyuata ue tn ocuuBodooeipa s="this is a test'.

1.3.2.1.3 Xuvaptnoelg kot pebodol oupolooslpwy

Ot cupBolooelpég otnv Python eival avtikeipeva (objects), yeyovog mou onuaivel ot dtabétouy
MANBwpa eVoOWHATWHEVWY HEBOSwY ylo thv emefepyacia toug. MapdAAnAo, pmopolv va
XpnotpomnotnBouv Kol YEVIKEC CUVAPTAOELG, OTwC N len() tou emtotpédel To MANBOG TWV XAPAKTAPWV
pLoG oupBolooelpdc, cupmepAoUPavopévwy Twy Kevwy. MNa mapadetypua, av s = "Python", tote n

len(s) emiotpédeL TNV TN 6.

ATO TNV OAAN pepld, ot péBodol cupPolooelpwv Kalouvtal pe tn ouvtaln s.uébodog() kat dev
TPOMOTMOoLloUV TNV apXkr cupBolooslpd oAAd emloTpédouv pLo véa cupBorooelpd. Metatl Twv
Baowkwv peBOdwv petoaoynuatiopol popdng cupPoloosipwyv mepthappdvovtal ot upper() kot
lower() ylo petatponn os kedpalaia kot meld ypaupota avriotowa, kabwg kol ot capitalize(), title()

KoL swapcase() yia Stadopetikol¢ TUMoUG popdormoinong Kelpuévou.

MNa avalntnon péoca oe cupPolooslpg xpnotpomotovvtal ot pébodot find(), index() kat count(). H
find(sub) emiotpedel tn Béon tng mpwing epdaviong pag umocupBolooslpdg f -1 av dev Ppebsi,
evw n index(sub) Asttoupyei mapopola arl\d TpoKaAsl TEPUATIOUO EKTEAEONG UE LAVUHA OPAAUATOG
ov To otolxeio &ev umapxel. H count(sub) emotpédel to MANBOC Twv epdavicswv pLag

umocupPoloacelpdg.
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H avtikatdotaon Tunuatwyv cupBolooslpag yivetat pe tn péBodo replace(old, new, count), 6mou
TIPOOLPETIKA UIMOPEL vo KaBopLoTeEl 0 HEYLOTOG aplOUOC avilkataoTAcswyv. o mapddelyua,

"Mpoypappatiopog”.replace("a”, "-") emotpédel "Mpoyp-pU-TIOUOG".

MNa Sltaywplopd kot ocuvBeon cupPorooslpwv xpnowdomololvral ot split() kat join(). H split()
Slaywpilel pla cupBolooslpd os Alota pe Baon pa aAAn cupPoAocelpa ou £XEL TO POAO TOU
Slaywplotr, evw n join() evwvel ta otolyeia plag Alotag oe pia eviaio ocupBolooespd. Ta
napadeypa, "o,B,y".split(",") emotpedel ['a’, 'B', V'], evw n " ".join(["H", "Python", "eival",

"Slaokedaotikn"]) emiotpedel "H Python eival dtookedaotiki".

EmutAéov, umapyxouv pEBodol eAéyxou Teplexouévou Omwg isalphal(), isdigit(), isalnum(), isspace(),
kaBwg kat startswith() kat endswith() yia éAeyxo mpoB<partog kat emB£partog. MNa adaipeon kevwv n

GAAWV XOPpOKTAPWY OO TNV apXn KoL To TEAOC xpnotuorolouvtal ot strip(), Istrip() kot rstrip().

T€Aog, n popdomnoinon cupBolocelpwy pmopel va yivel pe f-strings (r.y. f'{name} kat {age}") n pe

uéBodo format(), emitpémovrag SUVOLKN EVOWUATWON TLUWV PECA O GUBOAOCELPEG.

1.3.3. TeAeotéc

Ot teheotég (operators) otnv Python elval cUpBola i AéEelc-KAELSLA IOV XPNOLUOTIOLOUVTAL YLO. TOV
ouvbuaopd Tpwv. Kabe teleotng edapuoletal os €va | meplocdtepa opiopata (operands) kot
mapayel éva anotéleopa. OL BacikEG KaTnyopieg tedeotwy mepAapPavouv Toug aplBuntikoug (+, -,
* [, 1], %, **), Toug ouykpLtkoug (==, I=, <, >, <=, >=), Toug AoytkoU¢ (and, or, not), Toug TEAEOTEG
avadeong (=, +=, -=, K.A.), KABWCS Kal EL6IKOUC TEAEOTEG OTWG O TEAEOTNG CUMUETOXNAC (in, not in) kot
0 TeAeOTNG TOUTOTNTAC (iS, is not). MLa akopa Katnyopila TEAECTWY amoTeAOUV oL SuadIKol TEAEOTEG
(bitwise operators), ot omnolol edapudlovial oe aképaloug aplBuoUs Kal AEltoupyolv MAVW 0T
Suadlkn avamapdotacr Toug. e autolg avikouv oL & (bitwise AND), | (bitwise OR), A (bitwise
XOR), ~ (bitwise NOT), kaBw¢ Kol oL TEAECTEG ETATOMLONG << (OPLOTEPN HETATOMLON) Kot >> (&Ll
petatoron). Ot teAeoTéG autol xpnolomnolouvtal Kuplwg o€ XapnAoU emuméSou UTIOAOYLOUOUG yLa

Adyoug anodoong.

1.3.4. Exkdpdoelg

Exkdpoon (expression) eivol kdBe ouvtaktikiy SOUAR TIOU QMOTIHATOL Kol TOPAYsL o T, Ot
ekdppdoelg unopel va amotehovuvtal amd otabepég (rmx. 42, "hello"), petaPAntég, TeAeoTEG
(oplOunTIKOUC, CUYKPLTIKOUG, AOYLKOUC), KANOELG CUVAPTCEWVY 1} GUVSUAOUO TWV TIPONYOUUEVWV.
MNa mapadelypa, n mopaoctaocn 3 * x + 5 anoteAel aplOUnTIkn ékdpaon, evw n x > 10 and y != 0
amnoteAel Aoyikn €kppacn mou entotpedel TIUn TUmou bool. Ol ekdpdoelg unopolv va epdavilovrat

OTIOUBNTIOTE QVAUEVETAL TIUN, OTIWG yLa mopadelypa o avabéoelc. H afloAdynon twv ekdpaoswy
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0KOAOUBEL GUYKEKPLUEVOUC KOVOVEG TIPOTEPALOTNTAG KOL TIPOOETALPLOTIKOTNTAC TEAEOTWV (Operator
precedence kol associativity), oL omoiol kaBopilouv TN Oelpd UTOAOYLOHOU OTOV GUVUTIAPXOUV

TLOAAQTTAOL TEAEOTEG.

1o akohouBo amoomnaocua kwdika (K. 1.3.2), mapouaotalovral oto REPL pepika mapadesiypora

eKPpACEWV.

>>> # ApLlOuUNTLKEC grEPACELC
>>> 2 4+ 3 * 4

14

>>> 10 // 3

3

>>> # NOYLKEG grepAOELC

>>> 7 > 5

True

>>> not (3 == 3)

False

>>> # ExkQp&OeLC pe PeTaRANTEéC
>>> x = 10

>>> x += 1

>>> x

11

>>> # Exkepp&oelc ue oupPolrooelpég
>>> "Hello " + "world!"
'Hello world!'

>>> "Hello " * 3

'Hello Hello Hello '

K. 1.3.2 — AptOUNTIKES Ko AAAEC EKPPAOELC.

1.3.5. Eiloobdog/é€oboc

H elcobdog bebopévwv amd Tov Xpnotn UAoToLleltal pe tn ocuvaptnon input(), n omoia StaPdlel
Sebopéva and tnv Turikn eicodo (standard input), cuvnBwG amd to MANKTPOAOYLO, Kal EMLOTPEDEL
TR tomou str. H input() pmopel va dexBel mMpoalpeTikd €va HAVURA TPOTPOTAG, TL.X. hame =
input("Awoe ovopa: "). Emeldn to amotéAeopa sival cupPolooelpd, amalteital pntr LETATPONN

otav avapévovral aplBuntika Sedopéva, onwg age = int(input("Awoe nAwia: ")).

H €¢obdo¢ mpayuatomnoleital pe tn ocuvaptnon print(), n onoia epudavilel Sedopéva otnv 06oévn. H
print() pnopel va 6exBel moAAamAd opiopata, ta onoia epdavilovrtal SLOXWPLOUEVA E TOV KEVO
XOPAKTAPQ, EVW TIOPEXEL KAL TIAPAPETPOUG OTWG sep (SLaxwpLloTko HeTatl oplopdtwy) Kal end
(xapaktnpag Tteppatiopol NG YPauung). H print() petatpémel autopota Ta oplopota OE
oUupPolooelpég TPV TNV €UAVION, YEYOVOG TIOU ETUTPEMEL TNV  EKTUTIWON  OVTLKELUEVWY

SlodpopeTikwv TUMWV XWPIg pNTr HeETATPOT.

210 akoAouBo amoomaocpa kwdika (K. 1.3.3), mapouoidlovtal oto REPL pepikda moapoadesiypata

xpnong twv input() kat print().

>>> name = input ("Adboe ovoua: ")
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Aboe 6dvouoa: Nixkog

>>> name

'Nixkocg'

>>> name = input ()

Nixoc

>>> name

'Nixkocg'

>>> name = input ("Adoce Svopa: ")

Aboce 6vouoa: Nixkog

>>> name

'Nixkocg'

>>> age = int (input ("Adoce nAixio: "))
Adoe nAlxia: 20

>>> age

20

>>> print ("2025", "12", "31", sep="-")
2025-12-31

>>> print ("Loading", end="...")
Loading...>>> print ("OK")

OK

K. 1.3.3 — EicoSo¢ kat €£060¢ TLUWV.

EVToAEg emiloyn ¢ kal emavaAnng
Ol Baoikég GopEg eAéyxou poNG €vOC TPOYPAUMATOG TEPAAUBAVOUV TIC €VTOAEC €MIAOYNG
(conditional statements) kal T evtoAég emavaAnyng (repetition statements). Itnv Python ot
EVTOAEG emiloyn¢ uAomolouvtal péow tng doung if / elif / else, tng ékdpaong emidoyng (conditional
expression N ternary operator) tng popdng x if condition else y, kaBwg kat tTng evioAng match, n
omola glonxbn otnv €kdoon 3.10 kat urmtootnpilel SopLkn aviloToixlon mpotunwy (structural pattern

matching).

AvtioTtolxa, ol Baolkég eviodég emavaindng sival n while, n onola exteAel emavoAnmTika éva THAUA
KWK 600 pla cuvlnkn mopapével aAndbng, kat n for, n omoia xpnolpomoleital Kupiwg ya
eNMavaAnyn MAvw oOe OTOLKElO ULaG aKOAOUBIAG 1 YEVIKOTEPA €VOC eMOVAANPLLOU OVTLKELLEVOU

(iterable).

1.4.1. H evtohn emidoync if

H evtoAn emloyng if emitpénel TNV ekTéAeon eVOG UIMAOK EVTOAWV aAVAAOYQ LE TO AMOTEAECHO TNG
omotipnong g Aoywkng ouvlnkng. Av n ouvOnkn amotyunBel wg True, TOTE eKkteAeital TO
ovtiotolyo pmAok kwdika, dtadopetikd mapadsinetal. Itnv Python, pmAok evtoAwv sival pio A
TEPLOOOTEPEG eVTOAECG TTOU PBplokovtal oto 8o eminedo gooxng (indentation) kat ekteAoUvtal wg
gviala Aoylk evotnTa. JUVETWG, OL £00XEG otnv Python &ev amotelolv amAwg oTolxEio

popdomoinong aAAd eivat HEpOC TNG oUVTAENG TG YAWOOOG.
H yevikn ocuvtagn tng evioAn if mapouoildletal otn cuvexeLa:
if <ouvenxknl>:
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<UIMAOK €VTIOAQV 1>
elif <ouvOAxrnN2>:
<UIIAOK €VTIOAGV 2>

else:
<UIAOK €VIOAOV n>

H ektéleon Eekiva pe tnv amotipnon tg <ouvBnknl>. Av n cuvonkn amotipunBstl we True, ekteAsital
TO avtioTolyo UITAOK evtoAwv Kot N doun teppatiletal, xwpic va eAeyxBolv ot umtoAouneg cuvOnKeg.
Av amotwunBel wg False, n pon petadépetal otnv enduevn ouvOnkn elif. H dtadkaoia auvtn
enavaAappavetal Stadoyikd pexpL va BpebBel ouvBnkn mou eivatl aAnBnc R va e€avtAnBolv OAeg ot
evalhaktikéc. H Umapén tou elif (cuvtopoypadia tou else if) emitpénel Tov €Aeyxo TOAAATAWY,
opotBaia amokAeldpevwy ocuvBnkwy, evw To else gival MPoalpeTikd Kol ekteAeital povo av kapia
onod TIG MPOoNyoUEVEG ouvOnkeg Sev elval aAnbng. e kabe meplmtwon, ekteleitol To MOAU va
UTAOK evtoAwv amd oAokAnpn tn Soun. Onwg £xel NN TOVIOTEL N CWOTH XPAON TNG £00XNG Elval

anapaitntn, kKabwg kabopilel mola evToAn aVAKeEL o€ KABE UTTAOK.

‘Eva mapadelypa mou xpnotuorolel tnv evtoAn if eival o kwdikag K. 1.4.1 o onoiog &€xetal évav
oKEpalo Babpo amod tov xpnotn Kat epdavilel Tov xapaktnplopod tng enidoonc (Anotuyia, Emttuyia,
Aplota). Av 0 Xprotng elodysl TV T 17 tote Ba sudavioel To pAvupa «Emtuxiar». Mo kade
mbavr Tun mou Sivel o XPAOTNG eKTeEAElTal PHOVO TO TPWTO UMAOK TOU OToiou n ouvenkn

amotlpartol we True.
grade = int(input("Ei.c&yete Pabpd (0-20): "))

if grade < 0 or grade > 20:
print ("Mn ¢&yxkupn TLpn Babpol)
elif grade < 10:
print ("Anotuyla"
elif grade < 18:
print("Emituyxia")
else:
print("ApLota"
K. 1.4.1 — Eva napadetyua ue tnv evtoAn if...elif...else:.

Mua evtoAn if pmopel va Bploketal péoa oto PUMAOK pLlag GAANG evtoAng if. Itnv mepimtwon autn
TMPOKUTITOUV Ta Aeyopeva eudwleupéva if (nested if), ta omola emurpémouv tn Stadoxikn 1
Lepapyxkn agloAoynon moAamAwv cuvBnkwv. Auto cupPaivel otov kwdika K. 1.4.2, 6mou péoca otny
if mou efetalel av n Beppokpaocia elval peyalutepn Tou pndevog, umdpyel pia devtepn if mou
g€etdlel Tnv touTNTa aveépou. Etol av slocoyxBel Oeppokpacia 5°C kat taxvtnta avépou 35km/h tote

Ba epdaviotel To pAvupa «H évtaon Tou avépou sivatl uPnAn.».

temperature = float(input("Ei.c&yete 1n Oegpuokpacia (°C): "))
wind speed = float(input("Eic&yete tnv taxUtnto avépou (km/h): "))
if temperature > 0:
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print("H Beppoxkpoacia eival ndve amd To undév.")
if wind speed < 30:
print ("OL ouvOnkec elval xat&AAnAec yvio vnaibplia dpaoctnptdtnrTo. ™)
else:
print("H évtoon tou avépou elval ulbnin.")
else:
print("H Beppoxkpacia elval moAU yxoundn.")
K. 1.4.2 — Mapadetyua kwbika Ue EUPWAEUUEVEG if.

1.4.2. Tpuadikog teAeotnc if
O tpLadikog tedeotnc if emitpénel tn ouyypadn plag amAng SoUng eMNOYAC O pia HOVO ypapun,

ETULOTPEDOVTAG Pia TIUR aVAAOYQ LLE TO ATIOTEAECHO L0 oUVONKNG. H yevikr popdn Tou eivat:
<tLunl> if <ouvenxrn> else <1 Lun2>

Av n ouvBnkn amotunBel wg True, n ékdppaon emotpédel TNV <TUA1>, SladopeTIkA emLoTpEDEL TNV
<tun2>. O TPLadLkOg TEAECTAG XPNOLUOTIOLEITOL KUPLwG OTav n emihoyr) adopd amAEG TUIEC Kol OXL

OAOKANPO UITAOK EVTOAWV, CUUBAANOVTOG OE TILO GUVOTTTLIKO KAl AVOYVWOLUO KWSLKA.

Ytov kwoika K. 1.4.3 mapouaotaletal éva mapadelypa epapuoyng tou Tpladikol teheotn. O xprnotng
EL0AYEL VAV OKEPALO KOL HE L0 Ypa U Kwoika armodidetal kataAAnAa n cupBolooelpd «ApTLOGy N

«MepLttdg» otn petaPAntn result.

x = int(input("E.c&yete &vav apLbud: "))

result = "Aptioc" if x $ 2 == 0 else "llepL116C"
print(result)

K. 1.4.3 — Mapadetyua ue tov 1oladiko teAeotn if.

1.4.3. H evtohry match

H evtoAn match, uAomolel To PNXaVIoPO TNG AEYOUEVNG SOLKNG avTLoToixlong mpotunwy (structural
pattern matching). EmLTpEmnel Tov EAeyx0 HLAG TLUAG EVOVTL TTOAAAMAWVY TTPOTUTIWV (patterns) Kot tnv
EKTEAECT TOU QVTLOTOLXOU UMAOK EVIOAWY OTAV EVTOTULOTEL TAUTION. H Baoikr ouvtagn meplhappavet
™ A&En-kAeldl match, akoAouBouUpevn amnod tnv mpocg €€tacn EkPpaon, Kal SLASOXLKEG TIEPLITTWOELS
case, kaBepia and TG onoleg opilel éva mpotumo. H dopr match potdlet to switch GAAwvV yAwoowv,
oAAa elval o oxupn, kaBwg pmopel va avtiotolyilel OxL HOVO amAEG TIMEG aAAd Kal SOMEG

Seboptvwy, onmwe mAelddec A Aloteg.

Ztov kwdika K. 1.4.4 mapouaotdletal pLa anAn xpnon tng match omou n petaPAntn day ouykpivetot
SLo60XLKA e TO POTUTIAL TTOU UTIApXoUV 6€Ld amod kaBe case. To cUUPOAO | EMLTPEMEL TNV Evwon
TIOAAQUITAWY TIHLWV OTO (610 IPOTUTIO, VW TO _ AelToUpyEl w¢ Mpoemileyuévn nepintwon (wildcard),
avtiotolyn tng else og pwa doun if. ZUVENWCE av 0 XPHOTNG ELOAYEL TNV TN «MEpmtn» Ba epdaviotel

To uRvuua «Evélapeon nuépa.

day = input("E.cbyete nuépa: ")
match day:
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case "Aesutépa":
print ("Apxn eRdouddac")
case "X&Bpato"™ | "KupLaxrn":
print ("SoafpoatoxlpLaxko™)
case _
print ("Evdi&ueon nuépa")
K. 1.4.4 — Mapadetyuo pe TNV EVTOAN avtiotoiyiong mpotunwv match.

1.4.4. Evtolég emavainyng

Ot evtoAég emavaAnng eMLTPEMOUY TNV EKTEAECN €VOG UMAOK KWOLKA TIEPLOCOTEPEG Ao Hia GopEC.
OL 6U0 Sopég emavalnng otnv Python eival n evtoAr) while kat n evtoAn for. MapdAAnAa, n Python
napéxel uPnAol emunédou evaAAOKTIKEG, Omwcg list comprehensions, yevvitpleg (generators) ka
evowpatwpéveg ouvaptnoelg (map(), filter(), sum() k.@.), oL omoleg cuxVA EMLTPEMOUV TILO CUVOTTIKO
KoL oadn Kwdika. Emopévwe, av Kal ol evtoAég emavainyng anoteAouv BepeAiwdeg epyaleio, KOAO

gival va e€etaletal av UTIAPXEL TTILO KOTAAANAN N TILo EKPPOOTIKA AUCN TTPLV Ao T PNTA XPron Toud.

1.4.4.1 H evtoAn while

H evtoAn while xpnolpomnoleitatl yla TV EMAVOANTTIKA EKTEAEC €VOG UMTAOK EVIOAWY OCO HLA AOYLKN
ouvlnkn mapapével aAndng (True). H ouvBnkn aflohoyeital mpv amo kabe emavainn kat, otav
amotunBel wg False, n emavaAnyn teppatiletal. H while pmopel mpoalpetika va cuvodeUetal ano
T0 else, To UMAok Tou omolou ekteAsital otav n emoavainyn oAokAnpwOel kavovikd, SnAadn xwpig

va Slakomel péow evtoAng break.

H ouvtagn tng evtoAng while eival n akdAoudn:

while <ouvOnxkn>:
<UIAOK EVIOAHDHV>
[else:
<UTAOK €VTIOAOV>]

Ytov kwdika K.5 mapouctaletal éva mapadelypa xpnong tng while. O xpnotng swodysl évav BeTikd
OKEPALO OPLOUOG KoL TO TIpOypappa UTtoAoyilel To dBpolopo OAwv TwV akepoiwv amod to 1 péxpL Kot
™Tv Tl avth. H petaBAntn total Aettoupyel wg aBpolotic (accumulator), otov omoio mpootiBetal
os kGOe emavaAnn n TpExouca TN ¢ HetoPAnTS i. H petaBAnth i avdavetal katd 1 os KABe
BrAua, péxpL n ouvOnkn i <= n va yivel Peudbng. Kabwg n emavalnyn oAokANpWVETAL KAVOVLKA,

ekteAeltal to pumAok g else, to omoio eudavilel To TEALKO ATIOTEAECUOL.

n = int(input("E.c&yete évoav BetLxkd axépato: "))
i=1
total = 0

while i <= n:

total += 1

i +=1
else:

print("To &6poilopa eivaL:", total)
K. 1.4.5 — Mapadetyua pe tnv evroAn while.
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1.4.4.2 H evtoAn for

H evtoAn for xpnolpomoleital yla TNV emavaAnmrtiky eKTEAECH EVOC UITAOK evTOAwV Slatpéxovtag to
otolxela evog emavaAnPLpou avtikeévou (iterable), omwg eival pa Alota, pia cupBoAooslpd ) To
amoTEAEOMA TNG ouvaptnong range(). Xe avtiBeon pe tn while, n omola Baociletal ce Aoyikn
ouvlnkn, n for datpéxel Stadoyika Ta otolxeia piag akoAoudiag péxpt va e€avrAnBouv. Onwg Kat n
while, pmopel mpoalpetik@ va ocuvodeletal amd else, Tou ekteleltal otav n emavainyn

oAokAnpwBel kavovikd, SnAadn xwplc va Slakomnel pe tnv evtoAn break.

H oUvtaén tng evtoAng for eival n akdAouBn:

for <petafAnth> in <iterable>:
<HUIIAOK €VTOAQOV>

[else:
<HUIAOK EVTOAQDV>]

Jtov kwdka K.6 mapouctaletal éva mapadelypa xpriong tng for. O xpnotng elodyel évav BeTiko
OKEPOLO apLOUO KaL TO TTPOYPAUa UTTOAOYILEL TO ABpoLlopa OAWV TWV aKEPALWY oo To 1 péxpt Kal
TNV TN auTth, aflomolwvtag th cuvaptnon range() ya tnv mapaywyn tng aviiotowng akoAouBiog
TlHwv. Katd tnv ektéAleon tou kwdika n HetafAnTh i AapBavel SLadoxIKa TIG TIHEG amo To 1 éwg Kol
TO n. Metd tnv oAokAnpwan tng emavaAndng, ekteAeital to WAok tng else, to omolo sudavilel To

TEAKO amoTEAEOUAL.

n = int(input("Eic&yete évov Betixrd axrépalto: "))
total = 0
for i in range(l, n + 1):
total += i
else:
print("To &Bpolopa eival:", total)
K. 1.4.6 — Mapadetyua ue tnv evroAn for.

IXETIKA pe TN ouvdaptnon range() afilel va onuewdel ot dev Snuioupyel Aiota, aAld éva
ovTikel{pevo tUTOU range, To omoio mapdyel Sladoxkeg TéEG dtav xpetdletal (lazy evaluation). H
Baowkn popdn eival range(stop), mou mapayet TWWES amnod 1o 0 £wg to stop - 1. Mmopel eniong va
xpnotpomnotnBel wg range(start, stop) r range(start, stop, step), 6mou To start ival n apyikr TR, To
stop 10 dvw Oplo (un oupmephapBavopevo) kot to step to PAna petaBolng. Na mapadelypa, n
range(1, 6) mapdyel Ti¢ TIHEG 1 €we 5, evw n range(0, 10, 2) mapdyel Toug aptioug aplBuoug amnd to 0

£wc o 8.

1.4.4.3 Ot evroAéc break kat continue

Ol eVIOAEG break KOl continue XPNOLLOMOLOUVTAL VLo TOV EAEYXO TNG PONG €KTEAEONG HEoA o€
Sopég emavaAnyPng (while Kal for). H break SLAKOMTEL AECA TNV EKTEAECH TNG EMAVAANYNG KaL N
poN UETADEPETAL OTNV TPWTN EVIOAN UETA TO UIMAOK TNG. ATO TNV AAAN UEPLA, N continue Oev

TeEpUATIleL TNV emavAaAnyn, oAAA TAPAAELTTEL TO UTTOAOLTIO TWV EVIOAWV TNG TPEXOUTAG emavainying
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KOL TIPOXwWPA otnv emopevn enavaAndn. OL eVIOAEC QUTEG ETUTPEMOUV €UEALIKTO E€AEyXO TNG

ouuneplPpopdg Twv eMavaANPEWV OE OPLOPEVEG TIEPUTTWOELG.

Ztov kwdiwka K. 1.4.7 mapouotaletal eva mapddelypa pe tnv evioAn break kot otov kwdika K. 1.4.8
napouctaletal Eva mapAdelya Le TNV EVIOAN continue. ¥to mapadelypa pe tnv break n emavainyn
TeppaTileTol MOALG N peTaPAnT i AGBel Tnv T 5. OL Tég 1 éwg 4 epdavidovral, aAAd ol
uTtoAouneg emavaAnPelg mou Ba gudavilav TG evamoueivaoeg TIHEG v ekteAouvtal Adyw TG
break. ¥to mapadslypa e tnv continue otav n TR TNG HETABANTAG i lval dptia, n continue
napaAeineL Tnv evtoAn print kat n emavaAndn ouveyiletal pe tnv emopevn Tun. Q¢ anotéAeoua

eudavilovral povo ol meptrrol aplBuol amno to 1 £wg to 5.

for i in range(l, 10):
if i ==
break
print (i)
K. 1.4.7 — Mapadetyua emavainyng ue break.
for i in range(l, 6):
if i & 2 ==
continue
print (i)
K. 1.4.8 — Mapadetyua emavainng ue continue.

JUVAPTHOELC
Ot ouvaptnoelg (functions) eival tuApata kKwdika ota omola £xel anodobei éva dvopa. Opilovtal o
£va OnNUELo TOU TPOYPAUHUATOG KAl UITopoUV val KAAoUVTaAL, HE TO OVOUQ TTIOU TOUG £XEL amodobEel,
and SlapopeTkA onuela omou eival opatég (oUpdwva e Toug kKavoveg euBélelag — scope). H
KAON KoL, OUVETMWC, N €KTEAEON MLAC OUVAPTNONG YIVETOL HME TN XPNon TOU OVOUOTOG TNG
okohouBoUpevou amd mapevBéoelg. Mia cuvdaptnon pnopei va déxetol eloddouc (evdexopevwe Kot
Kopia), va ektehel eVTOAEG KoLl val eTLOTPEDEL amoTeAEéopata (EVOEXOUEVWCE KAl KavEva) UE XPAoN TNG

EVTOANG return.
H yevikn popdr Tou oplopou pLag cuvaptnong ivat n akdéAoudn:

def Svouo _ouv&pinonc (AloTo_ NmapapéIpny) :
EVIOAECQ

[return amotéAeoua]
H xprion ocuvaptioswyv kablotd tn ouyypadr, TNV Katovonon, tTv avayvwon kot tn §tépbwaon tou
KWALKA TIou eTAVEL éva POBANUA eUKOAOTEPN. AuTO odeiletal oto OTL éva oUvBeTo MPOPANUA
Sloomartal os pkpodtepa unonpoPAnuata. H Stadlkaocio auth pmopel va ouvexlotel €wg OTou Ta
ETUUEPOUG UTTOTIPOPARATA YiVOUV EMAPKWG amAd wote va ermtAubouv dpeca. Me autov Tov Tpomo

koBiotatal Suvatr n CUOTNUATIK QVILWETWIION Kal €milucn akoun kot wWlaitepa olvOeTwv
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npoPAnuatwy. Eva mapdamAevpo Odelog eival OTL e TN XPHON OUVAPTCEWV OL OTALTOUUEVEG
SlopBwoelg kot aAAayEG evtomilovtal O HLKPOTEPA TUNHATA KWOLKA KoL 0UTO SLEUKOAUVEL TO €pyo

TOU TIPOYPOUATLOTH.

Jtov kKwdilka K. 1.5.1 mapouoidlovtal duo mapadsiypata omAwv cuvapthoswv. H ouvaptnon
print_greeting(), 6éxetal w¢ €icodo pla T TOU TPooPIleTal va €ival To Ovopa €VOG ATOUOU,
TIEPLEXEL OTO OWHA TNG ULA EVIOAN €KTUMWONG MNVUHOTOG Kol &ev mepléXel evioAn return. H
ouvaptnon calculate_area() 6éxetal wg eicodo Vo TIHEG TTOU TPoopilovTal va €ival TO PINKOG KoL TO
TAGTOC VOGS opBoywviou, urtoAoyilel To epBadov Tou opboywviou kat To emiotpedel. OL KANOELG TV
ouVaPTHOEWV akoAouBoUV Tou opLoPoU Toug. Ma tnv print_greeting(), otnv nepinmtwaon mou n KARon
¢ Bploketal oto Se€l péhog avabeong o petaPAnt, n T mou Ba AdPel n petaPAnth Ba sivat

None, 810t Sev €xel oupmepAndBel pntr evtoAn return otnv print_greeting() katd Tov oplopo Tnc.

# Tuvdptnon mou dev e€mLOTPEQPEL T LUN
def print greeting(name):
print(f"Teia cou {name}!")

# Tuvdptnon mou €mLOTPEQEL Pl T LUN
def calculate area(length, width):
area = length * width
return area

# KANOn ouvApinong mou OV E€HLOIPEPE L TLUN
print greeting("Mapia") # T'eia cou Maplo!l

# KANon ouvaptnong mou OV EMLOTIPEQPEL TLUN Kol avdBeon oe petafAntn
result = print greeting("EAévn") # Teia cou EAévn!
print ("Anotéiecpoa:", result) # AnotéAeopa: None

# KAnon ouvéptnong calculate area()

area = calculate area(4.5, 3.2)

print(f"To epfoaddv eival: {area} T.u.") # To eguPoddv eivoar: 14.4 t.u.
K. 1.5.1 — Optlouol kat KA OELG CUVOPTHOEWV.

1.5.1. TopAUETPOL KOl OploUATO CUVOPTHOEWY

Mla cuvapPTNON OTOV OPLORO TNG UMOPEl vor SEXETOL KOULQ, MO | TIEPLOCOTEPEC TIAPAUETPOUC
(parameters) mou o0 OKOMOC TOUG elval va Asltoupynoouv w¢ elcodol Twwv Tou Ba
xpnowionowinBolv OTO OWMA  TNG OUVAPTNONG Yyl TNV UAomoinon Tng  QmattoUUEVNG
AeltoupylkoTnTag. Avtiotolya Katd tnv KAAOn MG ouvaptnong ol TMEC Tou Sivovtal oTig

TMAPAETPOUC ovopdlovtal oplopata (arguments).

Y10 mapadelypa tou kwdika K. 1.5.2n ouvdptnon celcsius_fahrenheit() petatpémnel pla Ogppokpoaocia
anod Babuoucg Kedoiou oe BaBuoug Ddpevalt. Itov oplopd tTNG cuvaptnong n HetaBAntr celcius

elval MOPAUETPOG EVW OTN CUVEXELD N KETABANTA C €lval €va OpLOPA TIOU TIEPVA 0T oUVAPTNON
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KOTA TNV KANon t¢. Emiong oplopa ivat kat n otaBepa 100 mou nepva kata tn Se0tepn KARon tg

ouvaptnong.

# OplLopdc ouvéptnong pe 1 noapduetpo

def celsius to fahrenheit(celsius):
fahrenheit = (celsius * 9 / 5) + 32
return fahrenheit

c = 0.0 # Ogpuokpocia o Babuolc KeAoiou

# KAfjoeL¢ ouv&ptnong

templ = celsius to_ fahrenheit(c) # OpLopa: O

temp2 = celsius_to fahrenheit (100) # Opiopo: 100
print(£f"0°C = {templ}°F") # 0°C = 32.0°F

print(f"100°C = {temp2}°F") # 100°C = 212.0°F

K. 1.5.2 — Juvaptnon petatpornc Yepuokpactwyv ano Baduous KeAaiou oe BaBuoug Dapevalr.

1.5.2. Emwotpodn amoTteEAECUATWY Ao CUVOPTHOELG

OuL ocuvaptnoelg otnv Python mavta emotpédpouv pla T, Onwe nén avadepbnke, av pa
ouvaptnon 6&v eMLOTPEDEL PNTA KATIOLA TLUI, KUE TNV EVIOAN return, Tote emtotpédel None. Emiong,
gival ouvnBlopévo pLa ocuvaptnon va emotpédel MePLocOTEPEC amo 1 TIHEG. AuTo cupBaivel ya

napadelypa otov kwdka K. 1.5.3 dmou n cuvdptnon circle_properties() emiotpédel TPELG TLUEG.

import math

def circle properties(radius):

area = math. * radius**2
circumference = 2 * math. * radius
diameter = 2 * radius

return diameter, circumference, area

diam, circum, area = circle properties(5)
print(f"Alduetpoc: {diam:.2f}") # Alduperpocg: 10.00
print(f"lepipetpoc: {circum:.2f}") # IHepiperpog: 31.42
print (f"Eupoaddév: {area:.2f}") # EuBaddv: 78.54

K. 1.5.3 — Juvaptnon mou emoTpEPeL 3 TIUEG.

1.5.3. Oplopata 6€on¢g kat ovouaTiopévVa oplopata

Ztnv Python undpyouv 800 TPOTIOL «TIEPACATOGY OPLOUATWY KATA TNV KA ON KOG CUVAPTNONG:

e Opiopata Béong (positional arguments): Ta opiopata avtiotolkilovial oTIC MAPAUETPOUG
™G ouvaptnong Ke Baon tn oslpd eudaviong touc. To MpwWTo OpLlopa avtlotolyiletal otnv
TPWTN TMOPALETPO, TO SeUTEPO OTN SUTEPN K.O.K.

o Opiopata Aé€swv-kAewbuwv (keyword arguments), | oAAwwG ovopaTOMévVA oOpiopata
(named arguments): KaBe oOplopa SnAwvetal pntd PE TO OVOUO TNG OVTLOTOLYNG

napapérpou (.. length=10). Itnv mepintwon auth, n oelpd EUPAVIONG TWV OPLOUATWY

otnv KAon 8ev ennpedlel TV avILOTOLXLOT TOUG.
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OL 800 TpodMOoL pmopoUv va cuvduacTouV oTnv BLa KAon cuvaptnong, UTO TNV Mpolnobeaon otL Ta
oplopata B€ong mponyouVTaL TWV OVOUATIOMEVWY OPLOMATWY. 2To Kwdika K. 1.5.4 mapouacialetal

£€va mopadelypa KANOEWV ouvapTnong UE oplopat B€onG Kol UE OVOUATIOUEVO OplopaTa.

def calculate rectangle area(length, width):
return length * width

rl = calculate rectangle area(10, 20) # oplopata ©éong

r2 = calculate rectangle area(length=10, width=20) # ovoupatiocuéva oplopato
r3 = calculate rectangle area(width=20, length=10) # ovouatiouéva oplopato
r4 = calculate rectangle area(

10, width=10
) # ouvduaoudg oplopdTwv BE0NC KAL OVOUAT LOPEVOV OPLORUATWOV
print(f"{rl=}, {r2=}, {r3=}, {rd4=}") # rl1l=200, r2=200, r3=200, r4=100
K. 1.5.4 — Oplouata 9€ong KaL ovoUaTIOUEVA OplopaTA.

Av Katd tnv KAnon mponyndouv TwV OVOUATIOMEVWY OPLOUATWY, oplopata BEong, TOTe mpokaAsital
oddaAua “SyntaxError: positional argument follows keyword argument”. Autd Ba cuvéBalve oto
T(PONYOUEVO Tapadelypa av ETXEpOUTAV gL KAnon ™mg popdnc:

calculate_rectangle_area(length=10, 20).

1.5.4. TpoalPETIKEC MAPAUETPOL
Kata tnv KANon Twv OUVOPTACEWV OL TIOPAMETPOL UMOPOUV E€ITE va ElVOL UTIOXPEWTLKEC Vol
ouumAnpwBoulyv, eite va eivol TPOALPETIKEG. o KABE TIPOALPETIKY) TOPAUETPO OpileTal LA

nipokaBoplopévn tun (default value) mou xpnowponoleital av Sev 600¢l avtiotolyn T opiopatog.

210 mapadewypa tou kwdika K. 1.5.5 n ouvaptnon calculate_interest() umoAoyilel T0 Mocd TwWV
TOKWV yla éva kedpdalato (principal), emitokio (rate), £€tn toklopoU (time) kat aplOPOG AVATOKLOUWY
ava €tog (compound_frequency). OAeg oL MAPAPETPOL, TTANV TNG TIPWTNG, ELVOL TIPOALPETIKEG KAl OL
T(POKAOOPLOUEVEG TUIEG TOUG opilovtal otnv enkepaiida tng cuvaptnong. H cuvaptnon Ba mpéemet
va KANBel pe dplopa ToUAAXLOTOV TNV TLUN Tou Kepalaiou, evw av ta dAAa opiopota dgv AdBouv
TLUA KOTA TV KA on TG ouvaptnong, Oa cupmAnpwOoUV e TIC TTPOKAOOPLOUEVEG TIUEC.

def calculate interest(principal, rate=0.05, time=1l, compound frequency=l):

amount = principal * (1 + rate / compound frequency) *%*
(compound frequency * time)

interest = amount - principal
return round(interest, 2)

# default tipécg: emitdkio 5%, 1 €10Q, €TNOLA €QUPUOYN E€mLTOK(OU
interestl = calculate interest (1000)
print(f"Toxol: {interestl}€") # ToéxoL: 50.0€

# [poocoppoocuéveg tTLpég: emitdrklo 8%, 2 £€1n, €1NOLA €QUPUOYL €ILTOK(OU
interest2 = calculate interest (1000, rate=0.08, time=2)

print (£f"Toxol: {interest2}€") # ToéxoL: 166.4€

K. 1.5.5 — Suvaptnaon ue mpokoeSopLOUEVES TIUEG OPLOUATWV.
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1.5.5. Zuvaptnoelg pe LeTaBAnTO MARB0oC oplopATwy

Ztnv Python n dnuoupyia cuvaptioewy pe PeTafAnTo MANBo¢ oplopdTwy gival eUKoAn unobeon.
Ta oplopata petaBAntou mAnbouc pmopel va sival eite oplopata B£ong (args) eite ovopatiopéva
oplopoata (kwargs). Itnv MpWTn Mepimtwon xpnoluomnoleital o tedeotng *, evw otn Sgutepn o
teleotng **. Oa mpénel va onpelwbel OTL Ta ocuvnBlopéva ovopata yla Ta petaBAntol mARBoug
oploparta B€ong eival args, evw yla ta petaBAntov mAnBoug ovouatiopéva opiopata sival kwargs.
Qotooo, Ta ovopata args Kal kwargs ival amAég cUUPACELG KAl UmopoUV va xpnotpomnotnBolv aAia

ovopata otn B€on Tou.

1.5.5.1 Oplouata turtou *args

H xpnon *args emitpénel tnv €UEALKTN XpNon oplopdtwyv Béong mou to mANBog toug Sev €xel
npokaBoplotel otov oploud tng ocuvaptnong. MNa nmapadsypa oto kwdika K. 1.5.6, n ocuvaptnon
my_function() pmopet va kAnBei pe omowodnmote MAROOG OpLOUATWY, OMWC dAlVETOL KAl OTIC

KANOELG TTOU akoAouBoUV ToV OPLOKO TNG.

def my function(*args):
print (f"EAnebnooav {len(args)} oplopata™)
for i, arg in enumerate(args):
print(f"Opiopa {i}: {arg}", end=" ")
print("\n")

my function() # 0 oplopatx

my function(l) # 1 Splopx

my function(l, 2, 3) # 3 oplopatx

my function("a", "b", "c", "d") # 4 oplopata
K. 1.5.6 — Suvaptnon pe oploua TUmTou *args.

H ektéAeon tou mpoypaupatog Ba mapdfet tnv €060 E. 1.

EAfeOnoov 0 oplopata

EAfeBnoov 1 oplopata
Oplopa 0: 1

w

EAf@Onoov
OpLopa O:

oplopata
OpLopa 1: 2 Opiopa 2: 3

=

EAfeOnoov 4 oplopoata
OpLopax 0: a Opilopa 1: b Oplopa 2: ¢ OplLopa 3: d

E. 1 -Eéobo¢ kAnjoewv auvaptnong mou Sexetal UeTaBANTO mAnSog¢ oploudtwy.

1.5.5.2 Oplouata tumou **kwargs

H xpron **kwargs emitpmel tnv gUEALKTN XPHON OVOMOTIOMEVWV OPLOUATWY TIoU 8gv £Xouv
npokaBoploTel oTtov oplopd TG cuvaptnong. To kwargs sival éva Ae€Llko kot éva Ae€lkd amoteAeitoal

and levyn NG Hopdr «KAeWSL: Twn». Ito mopadelypa tou kwdwka K. 1.5.7 n ouvaptnon
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my_function() pmopel va kAnBel pe kavéva, €va r MEPLOCOTEPA OVOUATIOUEVA oplopata Tou Ba

anoteAéoouy Lelyn «KAELSL: TY» oTo kwargs.

def my function(**kwargs):
print (f"EANeOnoov {len(kwargs)} ovopatiopévo oplopata™)
for key, value in kwargs. ():
print(f"{key}: {value}")

my function() # 0 oplopatx

my function(name="Nixoc¢") # 1 ovouatilouévo 6pLopd

my function(name="Mopla", age=30) # 2 ovoupatioupéva oplopata

my function(city="Iw&vviva'", country="GR", population=115000) # 3 ov. op.
K. 1.5.7 — Suvaptnon ue opiouata tumou **kwargs.

H £€060¢ mou Ba mapayOel katad tnv ektédeon Ba eival n akdAoubn:

EAfeOnoav 0 ovouotilouéva oplopata
EAfeOnoav 1 ovouatlouéva oplouata
name: N{xog

EAREONoayV 2 ovouaT Louéva oplouata
name: Maplo

age: 30

EAREOnoav 3 ovouaT Llouéva oplouata
city: Iwdvviva

country: GR

population: 115000

E. 2 —Eéoboc ektéAeanc tou kwdika K. 1.5.7.

1.5.5.3  Kavovec yia ouvbuaouo args, kwargs, *args kat **kwargs
Ynapxouv KavOveg TIou O SLEpUNVEUTAG TNG Python eAéyxel OtL tnpouvtal, otav cuvdualovral

oplopota B€ong, ovopatiopéva oplopata, *args kot **kwargs mou sivat ot akéAouBot:
Katd Tov oplopod ouvaptroswy:
e OLmapapetpol **kwargs, av UTtAPXOUV, TIPETEL TTAVTA Va elval TEAeUTaOL.
Katd tnv KAjon ocuvaptioswvy:
e Ta oplopara O€onc (args) mpémel va Bpilokovtal mpLv Ta ovopatiopéva opiopata (kwargs).

® Y& OUVOPTNOELG UE TIUPAUETPOUC ETA TO *args, Ta OPIOUOTA TIOU TOUC SIVoUV TLUEG TIPETIEL

va eival kwargs.

O kwdikag K. 1.5.8 emibelkvUel TOUG TAPATIAVW KAVOVEC, €XOVTAC TOTMOBOETNOEL O OXOALA TIG

TIEPUMTWOELC TtoU 0 Sleppnveutng Ba evidmile OTL KAmoLog kavovag Oa mapafLalovtay.

# def fl(**kwargs, x): # SyntaxError: invalid syntax
# print (£"{kwargs=}, {x=}")

def f2(x, y):
print(f"{x=}, {y=}")
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f2(1, 2) # x=1, y=2

f2(x=1, y=2) # x=1, y=2

f2(1, y=2) # x=1, y=2

# £2(1, x=2) # TypeError: f2() got multiple values for argument 'x
# £2(x=1, 2) # SyntaxError: positional argument follows keyword argument

def f3(x, *args, y, **kwargs):
print(f"{x=}, {args=}, {y=}, {kwargs=}")

£3(1, 2, 3, y=4, z=5, w=6) # x=1, args=(2, 3), y=4,
# kwargs={'z': 5, 'w': 6}
# TypeError: £3() missing 1 required

lyl

# £3(1, 2, 3, 4, z=5, w=6)
# keyword-only argument:
K. 1.5.8 — Zuvaptrioei ue ouvbuaouo optouatwy 9éonc, *args, **kwargs.

1.5.6. ZupPolooelpéc Tekunpiwong cuvaptnong

Ot oupBolooelpég tekunpiwong (docstrings) eival cupPolooelpég, ocuvnBWG MOAWV YPOUUWY, OL
omolec meplkAelovtal oe TPUTAQ EL0AYWYLKA KoLl TOMOBETOUVTAL OTNV OpXf] TOU OCWHOTOC HLOG
OoUVAPTNONG, AUECWE LETA TN VPO OPLOMOU TNG, KE OKOTO TNV Tieplypadr TNG AELTOUPYLIKOTNTAG
™¢. H xpnon docstring dev eival UTIOXPEWTLIKY, WOTOCO Bewpeital KAAr MPAKTIKA TEKUNPlwoNg.
Edooov ma ouvaptnon mepllapPavel docstring, n ékdpacn <ovoua_ouvaptnong>._doc__
ETULOTPEDEL TO Kelpevo TNG Tekunplwong t™g. To _ doc_ amoteAel mapdadetypa “dunder” (double
underscore), SnAadn £l6lkoU ovayvwploTikol Tou opXilel kal tedelwvel pe 800 KATW TAUAELC.
EmutAéov, n kAnon tng ocuvaptnong help() pe opwopa to ovopa tng cuvaptnong sudavilel To
docstring oto evowpatwpévo cuotnpa Bonbetag tng Python. H €€060¢ amnd to meptBaiiov Bonbelag
ylvetal pe TNV mieon tou MARKTPOU ¢, vV TO TIEPLEXOEVO TNG BonBelag umepBaivel TNV pa 086vn oe
MNKog. 2to akoAouBo andonacpa kwdika paivetal To meplexdpevo tou docstring yla tn cuvaptnon

sqrt() amno to module math tng turkng BLPALOBNKNG, OMwg punopel va AndBel amnod to REPL (K. 1.5.9).

>>> import math

>>> math.sqrt. doc

'Return the square root of x.'

>>> help(math.sqgrt)

Help on built-in function sgrt in module math:

sqgrt(x, /)
Return the square root of x.

K. 1.5.9 — Eugpavion docstrings ouvoaptioswv.

Yto mapddewypo tou kwdika K. 1.5.10 n ouvdptnon calculate_area() SwaBétel docstring mou

EKTUTIWVETOL YE TNV eVTOAN print(calculate_area.  doc_ ).

import math

def calculate area(radius):
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return math. * radius**2

print(calculate_area. )
K. 1.5.10 — Optouog docstring ouvaptnong kot EQQAvLon tou.

Kata tnv eKTEAECN TOU OUYKEKPLUEVOU KWOLKA, n ouvaptnon calculate_area() &ev kaAeitol, oAAd
gpudaviletal n £€odoc E. 3, mou eival To meplexOUevVo TS LeTaPANTAC _ doc_, OTwC €XEL OPLOTEL YL

Tn ouvaptnon.

YnoAoyLopdg Tou eufoadol evdg rUrAou dedopévng tng okIlivoag tou.

Parameters:
radius (float): H axkti{voa tou KUKAOU.

Returns:
float: To eufaddv 1ToU KUKAOU.

E. 3 — Eugavion tou docstring yia tn ouvaaptnon calculate_area().

1.5.7. H evtoAn pass

Katd tn ouyypadn evog mpoypappatog Unopel va aviyveuBel n avaykn vmapéng plag ouvaptnong
OoAAQ va pnVv emiAeyel n cuyypadn TOU CWUOTOG TNC OTN CUYKEKPLUEVN OTLYUN. TOTE, TPOKELUEVOU VOl
StatnpnBel n ouvtakTikr opBATNTA TOU KWALKA, YPADETAL KAVOVIKA N TPWTN YPauun (emikedaAida)
NG CUVAPTNONG, KoL aKOAOUBELTAL amo TNV AEEN pass 1 TPELG TEAELEG ..., akpLBwWG yla va uTtoSnAwBEL
OTL TO CWMO TNG ouvaptnong Ba cupmAnpwBel apyotepa. H evtoAn pass elval xpnolun yla tn
ouyypadr Tou «oKeAETOU» evOg kwdika. Emiong, to pass pnopel va xpnouomnolnBel otn Béon evog

prAok kwdika otig if, for, while mou mpokettal va uAomotnBel apyotepa.

O kwdikag K. 1.5.11, nepiéxel mapadelypata Xpriong Tou pass.

def fool():
pass

def bar(a parameter, another parameter):

()
bar (1, 2)
age = 26
if age >= 18:
pass # Oa vlomoinBel opydTepa
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else:
print ("AvAAiLxog")
K. 1.5.11 — SuvapTnoeLg Ue KEVO UTTAOK KWELKA, UE ... KXL UE PASS.

1.5.8. ZUVAPTAOELC LECA OE CUVAPTHOELC

H Python mapéxel tn Suvatdtnta OpLOoPoU MG CUVAPTNONG MECOH OTO OCWHA MG GAANG
oUVAPTNONG. € QUTH TNV TEPIMTWON, N CUVAPTNON TOU OpLleTalL OTO €0WTEPIKO HLOCG GAANG
ovopaletal epdwleuvpévn (nested function) N ecwtepwkn) ouvaptnon (inner function). TuvnBwg
XPNOLUOTIOLELTOL WG BoNBNTIKOC UNXAVIOMOG, 0TV ETOUMOUUE O CUYKEKPLUEVOS KWOLKAG val NV
elval opatog ektog TN mepilkAsiovoag (eEwTtepikng) ouvaptnaong, aAAA vo afLOTIOLELTAL QTTOKAELOTIKA
and autr). Ol E0WTEPLKEG CUVAPTNOELS €XOUV TPOOoPBacn og HETOPANTEG TNG eEWTEPLKAG EUPEAELAC,
YEYOVOC TIOU ETUTPEMEL TN OUVEPYACia Toug pe To TieplPaAlov oto omoio opilovtal. EmutAov, n
£0WTEPLKA ouvAptnon dnuloupyeital ek vEéou KABe dopd Tou KaAeital n eEwTepikr ouvaptnon. H
ouuneplPpopd QUTH OUVOEETOL UE HLO TIPOXWPENHUEVN TIPOYPOAUHUATIOTIKY €vvold, YVWOoTH WG
kAetototnta (closure), omou i ouvaptnon «Bupdtoly to TEPPAANOV pECO OTO OToio

SnuouvpynBnke.

Y10 mapadelypa tou kwdika K. 1.5.12 n ouvaptnon total_price() mepléxel pla aAAn cuvaptnon, t™
ouvaptnon tax() mou xpnolUOMOoLElL 0TOUC UTIOAOYLOUOUG TIou Tipaypatomnolel. H ouvaptnon tax()
glval «KpUUPEVN» QO TO UTIOAOLTTO TIPOYPOAUHA Kol tpocBacn o autr Sivetal povo evidg tng

ocuvaptnong total_price().

def total price(base price, tax rate):
# egowteplr) ouvaptnon: unoAloyilel 1o ©bPO
def tax(amount) :
return amount * tax rate

# KANON €o0wTeplKAG ouvapInong
tax amount = tax(base price)
return base price + tax amount

print(total price(100, 0.24)) # 124.0
print(total price(50, 0.10)) # 55.0
K. 1.5.12 — Oploudg ouvaptnone pEoa o ouvaptnon.

1.5.9. EpPéAela petaBAntwy
O 06pog epPérela (scope) HeTABANTAG avadEPETAL OTO TUAMUOA TOU TPOYPAUMOTOC OTO OMOio MLl
MeTaBANTA elval opath Kal prnopel va mpooneAaotel pe To 6vopd Tne. Itnv Python unootnpiletal n

ToTmKN eUPEAELA, N KOBOALKA EUPEAELA KL I UN-TOTUKI EUPEAELQL.

1.5.9.1 Tormikec uetaBAntec
Ot petaPAnTéEG MOU SnULoOUPYOUVTAL PECO OF L0 CUVAPTNON €XOUV TOTUKN gUBEAeLa, ovopdlovtal

TOTIKEG METAPANTEC KAl UITOpoUV va xpnoliomolnfolv povo PEoa OTn ouvaptnon. Av yivel
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anomnelpa avodopag O UL TOTILKN UETAPANTH EKTOC TNG oUVAPTNONG, TOTE Ba MPoKANBEL e€aipeon
NameError kot n ektéAeon tou mpoypappatog Ba Stakormel, epdavifovrag unvupa opAAUATOC OTL TO

OUYKEKPLUEVO Ovopa HeTOPANTAG Sev €xel oplotel (not defined).

Ztov kwdika K. 1.5.13 mapoucidletal va mapddelypa 6mou n PLeTaBANTr message €ilval TOTKN ylao
Tn ouvaptnon greet(). Auto onuaivel OTL Umopel va xpnouomnotlnBel evtog TG ouvaptnong, oAAd
ornoladnmote anomnelpa avadopdg TN EKTOG TNG cuvaptnong Oa emotpéPel PRvu e odAALATOG Kot

Ba TepUATiOEL TNV EKTEAECN TOU TIPOYPAMUATOG.

def greet():
message = "Hello, world!"™ # tomiky petafAnty
print(message) # tomlkn peToBAnTH

greet () # ok
print (message) # Error: NameError: name 'message' is not defined
K. 1.5.13 — Mapadetyua pe tormikr LetaBAnTr).

1.5.9.2 KadoAikec uetaBAntec

OL kaBoAwkeg petaBAntég (global variables) dnAwvovtal ekTOG cUVAPTACEWY Kal gival, Katapxny,
TIPOOTIEAACIUEG OO OMOLOOATOTE ONUEIO TOU TPOYPAUUATOG, TOOO EVIOG OGO KOl EKTOG
ouvapthoewv. QoToo0, av enXepnBel Tpomomnoincn TNG TNG pag KoBoAKNG petapAntng péoa oe
plo ouvaptnon, tote n petaPAnt mpémel va dnAwbBel pntd wg global péca oto cwpa NG
ouvaptnong. Mevika, péoca os Lo cuvaptTnon oL KOBOAIKEG LETABANTEG UtopolV va avayvwaoTtouy,

oAAQ Sev pumopouv va TpomornotnBouv, ektog av SnAwbBolv wc global.

210 napadeypa tou kwdika K. 1.5.14, n exchange_rate sival kaBoAikn LeTaBAnTA Kol eivat opatn
T600 otn cuvaptnon convert_to_usd() 6co kol otn cuvdptnon update_rate(). Qotdoo, yla va
uropel n ouvdaptnon update_rate() va tpomomolel Tnv TR tng exchange rate, Ba mpénel va
umapxeL N SnAwaon péoa otn cuvaptnon otL n petaPAntr exchange rate sivat global. Av §gv unripye
outn n 6nAwon tote n exchange_rate evtdg tng ouvdptnong update_rate() Oa ATav pa véa TOTIKA
peTaBAnTh Kol omotadnmote avabeon TG o autr dev Ba emnpéale tnv KABoAKn HeTaBAnTh

exchange_rate.

# KOOOALKNA peToBANTH
exchange rate = 1.15 # EUR -> USD

def convert to usd(amount eur):
return amount eur * exchange rate

def update rate(new rate):
global exchange rate # mpémeL va uvndpyel
exchange rate = new rate
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print(f" {convert to usd(50):.2f}") # 57.50
update rate(1.2)

print (f" {convert to usd(50):.2f}") # 60.00
K. 1.5.14 — MNapadsiyua ue kaBoAikn uetaBAntn.

1.5.9.3  Mn-tomikéc uetaBANTEC

OL pun tomkeég (nonlocal) petaPfAntég epdavilovtal oTnV MEPIMTWON CUVAPTACEWY TIOU TIEPLEXOUV
E0WTEPLKEG (EpdwAeupEveg) ouvapTthoelg. Otav pila HETABANTH LECO O L0 ECWTEPLKI) OUVAPTNON
SnAwBel pe tn AEEN-kAeldi nonlocal, tote avadépetal os petaPfAnth pe to (Slo dvopa mou Exel
oplotel otnv mAnoléotepn TneplkAeiovoa ocuvaptnon (kat Oxt oto KaBoAlkd emimedo). Itnv
TEPUITTWON AUTH, N ECWTEPLKH CUVAPTNON UMOPEL OXL LOVO VO AvVaYVWOEL AAAG KAl VO TPOTIOTIOLHOEL
TNV T TG KETaBANTAC auThG. OL Un TOTUKEG HETAPBANTEG elval XpAoWeS OTav pla LETABANTH TTou
oplletal o pLa meplkAeiovoa ocuvaptnon eival emMBOUPNTO va EVNUEPWVETAL ATO TOV KWALKA TNG

£0WTEPLKAC OUVAPTNONG.

Y10 mapadelypa tou Kwdika XXX opiletal n tomikr petaBAntn total Tng cuvaptnong shopping_cart().
Mpokelpuévou n petafAntr total va pmopel va evnuEPWVETAL QMO TNV €0WTEPLK OUVAPTNON

add_items(), SnAwvetal wg nonlocal.

def shopping cart():
total = 0 # efwTteplxn perafAnty via tnv add items()

def add items(prices):
nonlocal total # emiTpémel Tpomomoinon tncg total
for price in prices:
total += price
print(f"+ {price}, véo oUGvoAo {totall}l")

add items([10, 25, 51)
print (f"TeA1xkd oUGvoAro: {total}l")
shopping cart ()

K. 1.5.15 — lMapadsiyua pe un-tomikn uetaBAnTn.

H £€€060¢ E. 4 Seiyvel To amoTtéAeopa TNG EKTEAEONG.

+ 10, véo oUvoAro 10
+ 25, véo oUvoAro 35
+ 5, véo oUvoro 40
TeAlkd oUvoro: 40

E. 4 —H £fobog amno tnv exktéAeon tou kwdika K. 1.5.15

1.5.10. Aauda cuvaptroELg
Mua A@uda cuvdaptnon f avwvupn cuvaptnon elval gl cuvaptnon otnv omnola dev anodidetal

ovopa Tou opiletal pe tn AéEn-kAeLdi lambda, pe tnv akdAoubn cuvragn:

lambda oplopato: éxepoon
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H Aauda ocuvaptnon prnopei va S€XeTal Kaveva, Eva ) MEPLOCOTEPA OploUATA KAl EMIOTPEDEL WG
QIOTEAECHA TNV TIUNA TNG €Kbpaong mMou akoAouBel TNV Avw Kal KATw TeAsia. To ocwua TG
neplopiletal amokAelotika o pia ékdpacn (kat OxL o€ TOAATAEG €VIOALC). ZUVENWG, oL Aduda
OUVAPTAOELS TIPoopilovTal ylo OUVTOUEG Kol amAEG Aettoupyieg. Otav n amattoupevn Aoyikn eival
TLo oUVOETN, £lval TPOTIUOTEPO VA XPNOLUOTIOLEITAL LILOL KOVOVIKH cUvVAPTNnon Tou opiletal pe def,

WOTE 0 KWHOLKAG VO TIOPAUEVEL EVAVAYVWOTOG Kol COdAG.

Jtov kwdika K. 1.5.16, opiletal n mapadoolakr cuvdptnon square() mou emoTPEDEL TO TETPAYWVO
Tou oploparog ¢ kaBwg Kal pla .ooduvaun Aapda cuvaptnaon, dUo dopec. Itnv mpwtn dopd n
Aauda ouvaptnon KOAeltol Pe OpLOMA TNV TN 5 KOL TO amoTtéAeopa avatiBetal otn petapAnth a,
evw tn deltepn dopd n Aauda cuvaptnon avatibetal otn petaPAnth f Kal otn cuvéxela n KAnon

NG UE Oplopa TV TN 5 yivetal anAa ypadovrag f(5).

def square(x):
return x**2

print(square(5)) # 25

a = (lambda x: x**2) (5)
print(a) # 25

f = lambda x: x**2

print (£(5)) # 25

K. 1.5.16 — Mapadetyua ue Aauda ouvaptioeLs.

OL Aauda ouvaptnoelg XpnoLOTIoOOUVTAL CUXVA WG opiopaTo O KANOELC GAAWV CUVOPTNOEWY,
WOlaitepa Otav Qmalteltal n mapoxn Hlag cUVIOUNG, TIPOCWPLVHG CUVAPTNONG XWPIC TV avaykn
opLopoU tng pe def. Auto eival ouvnBlopévo va cupPaivel o CUVOPTAOELS avwTePNG TaEng (higher-
order functions), SnAadn cuvaptAoelg mou SExovtal GAAEG CUVOPTHOELS WG TTOPOAUETPOUG, OTWCE OL
sorted(), min(), max() pe Oplopa key. e TETOLEG MEPUTTWOELG, N XPHon AAUda CUVOPTHOEWVY
ETUTPEMEL TOV EMUTOMOU OPLOUO TNG AoylKAC¢ mou Ba edappootel, kabloTwvtag tov KwdiKa TLo
CUVOTITIKO Kal ekdpaoTiko. MNa mapadsypa, n sorted(alist, key=lambda x: x[1]) ta€wopel ™ Alota
alist pe Baon to deltepo otolxelo kABe umo-Soung, Xwplc va amatteital EeExwWPLOTOC OPLOUOG

BonBntiknc cuvaptnong, omwe daivetat oto akdAouBbo apadelypa oto REPL (K. 1.5.17).

>>> students = [ ("Mopia", 8.5), ("Nixkog", 9.2), ("EArévn", 7.8)]
>>> sorted(students)
[ ("EAévn', 7.8), ("Mapla', 8.5), ('Nixkoc', 9.2)]

>>> sorted(students, key=lambda x: x[1])
[ ("EXéVvn', 7.8), ('Moapla', 8.5), ('Nixkxocg', 9.2)]

K. 1.5.17 — MNapadstyua taélvounong Ue opLloua tneg ouvaptnong sorted(), uta Aauda ovvaptnon.

Mo akopn cuvnBLopévn xprion Twv Aauda cuvaptnoswv elvat otn Stadoyikn edbappoyn Twv map(),
filter() kot reduce(). AfileL va onuewwBel 6tL ot map() kat filter() eival evowpatwpéveg (built-in)

ouvaptnoeLg Tng Python, evw n reduce() opiletal oto module functools tng Tumikng BLRALOOAKNG KoL
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anottel pntn eloaywyn (import) mpwv and tn xprnon tng. Ztov kwdika K. 1.5.18 mapouoialetal eva
napadelypa otadlokng spappoyng twv map(), filter() kot reduce(): n map() petaoxnuatilet po
Alota Tipwv og pla véa Alota, n filter() emAéyel oplopéva amod ta otowelo tng kot n reduce()
ouvbdualel Ta anoteAéopato o pia TEAKA TLUA. 2TO TAPASELYUO, TO TEAIKO ATOTEAECUA £ival O
UTIOAOYLOUOC TOu aBpolopatog Twv APTIWV TETpAywVwY NG Alotag nums. OL AelToupyleg aUTEC
propolyv, onweg dailvetal Kal oTnv TEAEUTALO EVTOAN TOU MPOYPAUMOTOC, VO cuvSUAOTOUV Ot pia

eviaia ékdpaon.

from functools import reduce

nums = [1, 2, 3, 4, 5, 6]

# map: umoAoylopdg TeTPayOdVOU K&BE T LUNAC
squared = list(map(lambda x: x**2, nums))
print("Tetp&ywvo:", squared) # Terpbyovo: [1, 4, 9, 16, 25, 36]

# filter: diLathpnon pévVo TOV TEQLITOV TLUOV
evens = list(filter (lambda x: x % 2 == 0, squared))
print("RAptiol aptBupoi:", evens) # AptioL aptbpoli: [4, 16, 36]

# reduce: &BpolLopa T LUOV
total = reduce(lambda x, y: x + y, evens)
print ("30voiro:", total) # IUvolo: 56

print (
"$ovoro:",
reduce (lambda x, y: x + y, filter(lambda x: x % 2 == 0,

map (lambda x: x**2, nums))),
) # 3Uvolo: 56
K. 1.5.18 - lMapadsiyua map, filter, reduce.

Aopec dedopevwy
H Python mopéxel eVOWUOTWHEVEG BACLKEG SOUEG SESOUEVWV TIOU ETUTPEMOUV TNV OMOSOTIKN
opyavwon kal Staxeipton cuAoywv Tiwv. Ot kuplotepeg eival n Alota (list), n mAewada (tuple), to
Ae€ko (dict) kat to olvolo (set). EmutAéov, n Python SlaBétel kal aAAeg Sopég, onwc to frozenset, o
omolo amoteAel pa pn-petaAAAgLun ekdoxr tou ocuvolou, KabBwg Kat e€eldlkeUPEVOUG TUTIOUG o
v turukn BiBAoBnkn (rmx. collections.deque, defaultdict), mou emekteivouv TG PBAGCLKEC

AELTOUPYLKOTNTEG AVAAOYA LIE TLG OVAYKEC TNG EDOPUOYNC.

1.6.1. Aloteg

Ot Aloteg (lists) eival Sopég SeSopévwv mou UMopoUV va TIEPLEXOUV ETEPOYEVN OTOLXEla, Ta omola
Slaywpilovtal Pe KOPPOTA Kal eplKAsiovTal o aykUAeG [ ]. AmoteAoUV TPOTIOTOLACNKEG 1 AAALWG
petaAAafiueg (mutable) dopég, kKaBwg HUMOPOUV va TPOTOMOLOUVIAL KOTA TNV EKTEAECH TOU

T(POYPAUATOC, £lte Ue TPOOBNKN 1 adaipeon oTolxelwy €T e AVIIKATACTOON UTIAPXOVIWY TLLWV.
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OL Aioteg avnkouv ot akoAouBieg (sequences), CUVENMWC Ta OTOLXElX TOUG €ivol SloTETAYUEVO
(ordered) kat n mpooBoaon og autd yivetal péow tng B€ong toug (deiktn), ue apiBunon mou fekva

arno to 0.

1o akoAouBo mapadeypa oto REPL (K. 1.6.1) opiletal pia Alota pe etepoyevr otolxela. Itn

OUVEXELQ TTpaypaTomoLeital mpoomélacn Tou 2° otoyeiou kat avtkatdotaon Tou 3% otoweiou TG

Alotag.

>>> a list = [1, 3.14, "Java", True]
>>> a list[1]

3.14

>>> a list[2] = "Python"

>>> a list
[1, 3.14, 'Python', True]

K. 1.6.1 — Anutoupyia AioTaG Kat TpOmomoinon eVog oTolyElou TN .

1.6.1.1 Teuaxtouoc Alotwv

OL Aloteg pmopouv va tepoayilovtal OmMwe Kol oL cUUPBOAOCELPEC XPNOLUOTIOLWVTOE oUVTAEn TNG
popdng [start:end:step] oto télog tng Alotag. O Seiktng start dnAwvel tn Béon and tnv onoia
opxilet o Ttepaywopog (oupmepappavetal), o end tn Béon otnv omoio otoapatd (Sev
ouuneplhappavetal), evw To step kabopilel To Brpo peTaKivnong. Av Kamola amo ta Tpia pépn
napaAelpBolv, xpnolpomolouvTol MPOosTAEYUEVEC TIMES (apxn Alotag, TéAog Alotag kat BAua 1

avtiotolya). O Tepaxlopog dnuLloupyel véa Alota XwpLg va TPOTOTIOLEL TNV apPXLKH.

AkoAouBoUv pepikd mapadsiypata oto REPL (K. 1.6.2) mou emdeikviouv duvatdtnteg mou Sivovral

LLE TOV TEUOXLOUO ALOTWV.

>> a = [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

>>> a[2:06]

(2, 3, 4, 5] # otolxela and 6éon 2 éwg 5
>>> al:4]

[0, 1, 2, 3] # and 1tnv apxh €éwc 6éon 3
>>> al[b:]

(5, 6, 7, 8, 9] # amd Bféon 5 fwg TO TEAOC

[0, 2, 4, 6, 8] # xk&Be deUtepo otolxelo

>>> al::-1]
(9, 8, 7, 6, 5, 4, 3, 2, 1, 0] # ovriotpoon Alotac

K. 1.6.2 — Mapadeiyuata tepayiopuou Alotag.

1.6.1.2 Teleoteg mou epapuolovtal o€ AlOTEC KatL n evtoAn del
Ot teAeoTéG OV pmopoUuV va edappootolV o AlOTeC elval oL: +, ¥, in, not in, ==, |=, <, <=, >, >=, =,

+=, *=, [ ], [:]. O teheotnc + mpokalei cuvévwon Vo AloTtwv os pila véa Alota Tou TIEPLEXEL T
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otolxela kot twv dVo. O teAeotng * dnuloupyel pla véa AloTa TIOU TEPLEXEL EMAVAANYPELS TWV
otolxelwv pag Alotog 0oeg popég opilel Evag aképalog moAhamAaclaothg. OL TEAEOTEC in Kal not in
XPNOLUOTIOOUVTAL Yl TOV EAEYXO CUUUETOXNG EVOC OTOLXEIOU O pia Alota, emotpEédovrag AoyLkn
T (True i False). Ou teleotég ovuykplong == Kal != eAéyyouv av SUo Aloteg eival loeg n
SLapopeTIKEG cUYKpivovTag Ta oTolyela Toug pe BAaon TN oslpd gUdAVIONG, EVW OL <, <=, > KoL >=
TipaypaTonoloUv AslkoypadLkr) cUYKpLon oTtolxeio mpog otolxeio. O teheotn¢ = avaBEtel pia Alota
o (o petopAntn, Snuloupywvtog vea avadopd oto Slo avtikeipevo. OL TEAEOTEG emauinuévng
avaBeong += Kal *= tpomomnololv tn Alota eruténou (in place), emekteivovtdg tn He véa oTolxela n
enavalappavoviag To TEPLEXOUEVO TG avtiotolxa. Ta oUpBoAa [ ] xpnolpomololvtal ylo
npooPacn oe otolyeio péow deiktn, evw n ovvtaln [:] (tepoylopdc, slicing) emitpémnet tn Snuoupyia

uTtoAloTag f avtlypddou HEPoUG I} oAOKANPNG TNG AloTtag.

Eniong, umapyxel kat n evtoAn del mou xpnowlomoleital ywa tn Staypodr otolxelou 1 TUAUATOC
Aiotog pe Baon pia B£on ) éva evpog Béoswv. MNapadeiypata, os meptBarlov REPL (K. 1.6.3), twv

MAPATIAVW TEAECTWV Kal TNG eVIoAng del akoAouBolv otn cuvéxela.

>>>a = [1, 2, 3]; b = [4, 5]
>>> a + b
[ll 2/ 3/ 4/ 5] # OU\)é\)Q)Ol’]

(1, 2, 3, 1, 2, 3] # emovadAnyn

>>> 2 in a, 10 not in a

(True, True) # éXeyxog ouppeToxng
>>> a == [1,2,3], a !'= b
(True, True) # Lodtnta / avicdinio

>>> [1,2] < [1,3]

True # AegflroypaQ LK) OUYKPLON
>>> ¢ = a; ¢ is a
True # oavdBeon: (dLa avaeopd

(1, 2, 3, 4] # eméxtoon emLtdIOU
a == ;
(1, 2, 3, 4, 1, 2, 3, 4] # enovédAnyn enttdmou
(1, (2, 3, 41, (1, 2, 3, 4, 1, 2, 3, 4]) # deixinc / tepayxioudc
(2, 3, 4, 1, 2, 3, 4] # dLaypaen octolxeiou

>>> del all:3]; a
(2, 1, 2, 3, 4] # dLaypapn otolxelwv

K. 1.6.3 — lMapadeiyuata epapuoyrg TEAE0TwWV o€ AlOTEC.
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1.6.1.3 MéeSobot Atotwv

OuL Aiotec otnv Python &laBétouv MANBwpa EVOWHATWHEVWY HEBOSWV TIOU EMITPEMOUV TNV
Tpormomnoinon toug emwtonou (in place). H append(x) mpooBEtel €éva véo otolyeio x oto TEAOC TNG
Alotag, evw n insert(i, x) elcdyel 1o otolyeio x oe ouykekpluévn B€on i. H extend(b) emekteivel tn
Aiota mpooBEtovtag oto TEAOC TNG OAa Ta otolxeia plag AAANng Alotoag b. Na adaipeon otolxelwv
Xpnollomoleital n remove(x), mou Staypadel tnv mpwtn eudavion tou otolxelov x, kat n pop([il),
mou adatpei Kol emoTpédel To otolxelo otn Béon i (| To teleutaio av dev doBel Bon). H clear()
Slaypadel 0Aa ta otolxeia tng Alotag. Mo avadiataén otolxeiwv SlatiBevtal ot sort() yua
Ttafvounon (pe mpoalpeTika opioparta key kat reverse) kat reverse() yla avtiotpodn TnG oA TWV
otolxelwv tng Alotag. EmumAgoy, n index(x) emtotpédel tn B€on g MpWINC EdAVLIONG TOU oToLKElOU
X, N count(x) petpd mooeg ¢opéc eudaviletal €va otolxeio kat n copy() dnuloupyel €va pnxo
avtiypado (shallow copy) tng Alotag. Ot péBodol aUTEC KAAUTITOUV TIC TEPLOCOTEPEC OVAYKEC

Suvaptkng Staxeiplong Alotwy otnv mpagn.

AkoAouBoUv pepika mapadeiypata () oto REPL xpriong twv mapandavw pebodwv.

>>> a = [3, 1, 4]

>>> a.append(5); a
(3, 1, 4, 5] # mpooBNkn otolxelou o010 TEéAOCQ

>>> a.insert (1, 10); a
[3, 10, 1, 4, 5] # egloaywyn otolxelou otn 6éon 1

>>> a.extend([7, 8]); a
(3, 10, 1, 4, 5, 7, 8] # eméxtoon pe &AAN Alota

>>> a.remove (10); a
(3, 1, 4, 5, 7, 8] # dLaypaen nmpding epedviong otolxeliou

>>> a.pop(); a
(8, [3, 1, 4, 5, 71) # apolpeon kol emiotpoen TeAeutalou orolxelou

>>> a.pop(l); a
(1, [3, 4, 5, 71) # apaipeon kol emLotpoen otolxelou otn Béon 1

>>> a.count (3)
1 # nAnBoc eppaviceswv oroixelou

>>> a.index (5)
2 # ©éon mpdtng epedviong orolxelou

>>> b = a.copy(); b is a

False # dnutioupyla emipave LakoU avI Lypdoou
>>> a.sort(); a
(3, 4, 5, 7] # tagivéunon aviouoo

>>> a.sort (reverse=True); a
(7, 5, 4, 3] # TafLvéunon @8ivouow
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>>> a.reverse(); a
[3, 4, 5, 7] # ovtiotpoen oelpdc otolXe lwv

>>> a.clear(); a
[] # Silaypapn OAwv Twv otolyxelwv

K. 1.6.4 — Mapadeiyuatra Stapopwy uedodwv mou epapudlovtat o AlOTEG.

1.6.1.4 Awoyion Alotac

H &waoyion (iteration) pag Alotag pmopei va mpaypatonolnBei site pe xprion t¢ while site pe
xpnon tng for, pe tn Seltepn va Bewpeital ouvnBwC TPOTIUOTEPN Adyw OMAOUOTEPNG KAl TIO
ekdppaotikng ouvtagnc. Me tn for umopoulpe va enetepyactolpe Sltadoxikd kabe otolyeio tng Alotag
Xwplg va dlaxelplopoaote pnta Seikteg Béong. Otav amatteital Tavtdoxpova npdoPacn 1600 oTo
otolxeio 600 Kal otn B£on tou, Wolaltepa XpAoLUN lval N EVOWHATWUEVN cuvdaptnon enumerate(), n
orola emotpédel Levyn tNg popdng (Seiktng, otolyeio), dteukoAvovtag tn cuyypadn kabopol Kot

oVayvVWoLHoU KwdLKa Katd tn dtaoylon tng Alotag.

Ytov kwbéika K. 1.6.5 mapouocialetal éva mapddslypa omou pia Alota Siaoyiletol pe TECOEPLS

TPOMOUG, e Toug SU0 TeAsuTaioug va eival autol mou poTLUwVTOL cUVABWG.

numbers = [10, 20, 30]

i=0

while i < len(numbers) :
print (numbers[i], end=" ")
i+4=1

print(); print("-" * 8)
for i in range(len(numbers)):
print (numbers[i], end=" ")

print(); print("-" * 8)
for num in numbers:
print (num, end=" ")

print () ; print("-" * 8)

for index, num in enumerate (numbers) :
print(f"efon {index}:{num}", end=" ")

K. 1.6.5 — Awdoyion Aiotacg e 4 SLaupopeTLkoUg TPOTTOUG.

H ektéAeon tou mapandavw Kwdika Ba mapdel tnv €060 XXX ou akoAouBst:

10 20 30

©¢éon 0:10 ©éon 1:20 ©éon 2:30

E. 5 — AnotéAeoua ektéAeonc kwdika K. 1.6.5.
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1.6.1.5 Ta&wvounon Alotac

H ta&wvopnon piag Alotag otnv Python pmnopet va mpaypatonownBei eite pe t ouvaptnon sorted()
gite pe t™n pEBoSO .sort(). H sorted(a_list) emiotpédel pla véa taflvounuévn Alota, xwplg va
petofarel ta apxikd dedopéva TG a_list, yeyovog mou tnv Kablotd KataAAnAn otav emtBupouue
va Slatnpriooupse avoAdolwtn tnv apxwkn Alota. AvtiBeta, n péBodog .sort() edpapuoletal
anevBelog otn Alota yla TNy omoia KaAsltal kal tnv talvopel emtonou (in place), emotpédovrag
v T None. Kal otig U0 TEPUTTWOELS, N TPOETUAEYUEVN ocupumepldopd elval n taflvopnon os

avfouoa oelpa.

H oeslpa tafvopnong pmopel va petoapAnbel os ¢pBivouco pe TOV OpPLOUO TOU TIPOAULPETIKOU
oplopartog reverse=True, T600 otn sorted() 6co kat otn .sort(). EmMumA£ov, To MPoaLpeTIKO Oplopa key
ETUTPEMEL TOV KABOPLOUO Kpltnpiou taflvounong HEow HLOG ouvaptnong mou edapuoletal o Kabe
otolxeio tng Alotag. Ma napadelyua, yla tafvopnon piag Aliotag cuppolooslpwy a_list pe Baon to
unko¢ kaBe ocupPolooelpdg pmopel va ypnowlomolnBei n evioAr a_list.sort(key=len), wote n

oUyKpLlon va Baolotel otnv TIUA Tou emlotpédel n len yla kaBe otolkeio.

Ytov kwbika K. 1.6.6 mapouaoialovratl mapadeiypato kKAnoswv tng sorted() kat tng .sort().

numbers = [3, 1, 4, 2]
numbers. () # tafivopel tnv (diLa 1 Alota
print (numbers) # [1, 2, 3, 4]

numbers = [3, 1, 4, 2]
print (sorted(numbers)) # [1, 2, 3, 4]
print (numbers) # [3, 1, 4, 2]

words = ["umovéva", "oxkTLvidlo", "unro"l]
print (sorted(words, key=len)) # ['pnAro', 'umovévoa', 'axktlvidio']
print (sorted(words, key=len, reverse=True)) # ['oaxtiVvidio', 'umovdva',
] 2 ]
pnAo']

K. 1.6.6 — H ugdodoc sort() kat n ouvaptnon sorted().

1.6.1.6 Eupwleuuévec Alotec

Mta Alota otnv Python pmopel va Tepléxel w¢g oTolXelo TG pia GAAN Alota, EMITPEMOVTAG £TOL TN
dnulovpyio epdwAevpévwy (nested) Sopwv. Me tov TPOMO AUTO UMOPOUV va avamnapactabouy
mivakeg 600 1 TEPLOCOTEPWVY OLOOTACEWY, OAA KoL LEPAPXIKA opyavwpéva Sedopévo mou
ovtavakAoUV GpuUoIKEG oxEoelg pHeTafl otolyeiwv. OL epdwAevpévec Aioteg eival Wblaitepa XpAOLUES
oe mpoPAnuota mou amottolv opadomnoinon dedopévwy f dopwv tUMou «Aioto amd Aloteg». H
npooPaocn oe otolyeia mou Bpiokovtal oe Babutepa enineda epdwALapcol MPAYUOTOTOLEITAL UE TN
xpnon Sladoxikwv Selktwy. Ma mapdadelypa, av pia Alota meplexel umoAioteg, n avadopd o€
OUYKEKPLUEVO oTolxelo amattel mpwta tov Selktn TG uMoAloTag Kal otn cuvéxela Tov Seiktn Tou
otolyelou péoa otnv umoAiota. Me auTOV To HNXavVIOoUOo kabiotatal Suvatr n akplBng mpoomélacn

KoL Tporornoinon dedopévwy oe omolodnmote emninedo tng SOUNC.
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Jtov akolouBo kwdika (K. 1.6.7) oto REPL opiletal évag Siodlactatog mivakag 3 x 4 HECW HLOG
Alotag 3 otoleiwv 6mou kdBe otolyelo NG elvat pa AAAN Alota 4 otolyeiwv. O KwSLKAG TpoTIoToLEL
TO oToLXElO TOU mivaka mou BplokeTal oto kKATw Se€Ld Akpo Tou, SnAadr) To otolxelo otn ypouun Ue

Selktn 2 kat otn otAn pe 6eiktn 3.

>>>

(1, 1, 11, (2, 2, 23, 3, 3, 31, [4, 4, 99]]

K. 1.6.7 — Mapadetyua ue epupwievuéves Aioteg (Aloteg we otowyeia piag Alotag).

1.6.1.7 Avtypapn Alotac

H avtiypadn Alotag otnv Python amattel Siaitepn mpoooxr). H evtoAnl new list = a_list &gv
Snuoupyel véo, avefaptnto avtiypado twv dedopévwy, aAAG amAwg eva véo ovopa (Peudwvupo)
mou avadépetal oto (6lo avrtikeipevo pvARNG. AuTO onpaivel OtL omoladnmote petaPfoln
npaypatonownfel péow tou new_list Ba emnpedoel kal to a_list, kabBwg kat ta Svo ovouata
Selyvouv ota ibla Sedopéva. Mpokeltal EMOPEVWE yla avtlypadn avadopdg kat OxL yla avtypadn

TLEPLEXOUEVOU.

MNa va dnuoupynBel mpayuotiko, adla pnxo (shallow) avtiypado plag Alotag, Ba mpeémel va
xpnotpomnotnBel eite tepayxlopog oAokAnpne tng Alotag pe new list = a_list[:] eite n péBodog
new_list = a_list.copy(). Kot otig SU0 mepmtwoelg SnuLoupyeital vEo avtikeipevo Aiotag pe ta dla
otolxeia. Qotooo, av n Aiota nepléxel epdpwAevpéveg Sopég (m.x. aAAeg Aloteg), TOTE avilypdadovtat
HOVO oL avadOopEC OTA ECWTEPLKA AVTLKEIEVA KOl OXL Ta (6La TAL AVTLKEIPEVA, YEYOVOG TTou KaBlotd

™V avtypadn pnxn Kat oxtL Babia (deep copy).

Otav amatteital mARpwg avefdptnto avtiypado pag Alotog, cupmepAapBOVOUEVWY KOl TWV
ELPWAEVUEVWV QVTIKEWMEVWY TNG, TPEMEL va xphotpomnotnBel Babid avtiypadn (deep copy). H
Babia avtypadn dnuioupyei véo avtikeipevo Alotag kat avadpopikd véo avtiypada yla oAa ta
E0WTEPLKA QVTIKELEVO TIOU TIEPLEXEL, WOTE Kapio petaBoln oto avtiypado va pnv emnpedlsl thv
opxLkn dopn. 2tnv Python auto emituyydvetal pe t cuvdaptnon deepcopy() Tou module copy, wg

€€n¢c: import copy kat otn cuvéxela new_list = copy.deepcopy(a_list). H xprion Bablag aviypadng
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elval amapaitntn otav n Alota mepléxel aAAeC SopEG Kal amaltolvral TANen avtiypada twv

Sebopévwv.

O kwbkag K. 1.6.8 mapouotdlel tig Slapopes LeTaly avtypadnig avadopds, pnxng aviypadng
(shallow copy) kat BaBiag aviypadng (deep copy) oe Aloteg. Apxika, delyvel OtL n amAn avabeon
(new_list = a_list) dnuioupyel Peudwvupo oto (6lo avtikeipevo, pe anotéAeopa KABs petafoAn va
ennpealel kot T SUo pPeTaBANTEC. TN OUVEXELD, UE Tepoxlopd (a_list[:]) emituyyavetal pnxn
avtiypadn, n omoia Asttoupyel owotd oe amAég (flat) Aloteg, kaBwg ol dVo Aloteg yivovral
avetaptnteg. Qotdoo, otav n Alota eival epdwAevpévn, n pnxn avtypadn avtypadel poévo to
e€wteplkd emimedo Kol oL €0WTEPLKEG AlOTEG MOPAUEVOUV KOLVEG, OTMOTE UETOPOAEG O QUTEG
enMnpedlouv Kal TNV apxikn Alota. TéAog, Le tn Xxprnon tng copy.deepcopy() dnulovpyeitol MARPWG
aveéaptnto avtiypado oAwv Twv emumédwy tng Soung, Wote Kapio petaBoln oto avtiypado vo punv

EMNPedleL TNV apxLkn Alota.

import copy

a list = [1, 2, 3]

new list = a list # Avtiypaen avagopdc (alias)
new list. (4)

print(a list) # [1, 2, 3, 4] => emnpe&letal
print(new list) # [1, 2, 3, 4]

a list = [1, 2, 3]

new list = a list[:] # Pnxf aviiypaen (slice)
new list. (4)

print(a list) # [1, 2, 3] => dev emnpedleTal
print(new list) # [1, 2, 3, 4]

a list = [[1, 21, [3, 411 # epowAeupévn Alota

new list = a list. () # Pnxn ovtlypoon
new list[O0]. (99)
print(a list) # [[1, 2, 99], [3, 4]]1 => emnpe&letal (cowteplkh Alota)

print(new list) # [[1, 2, 99], [3, 4]]

a_list = [[1, 2], [3, 41]

new list = copy. (2 _list) # BaBL& avILlypaer
new list[O0]. (99)
print(a list) # [[1, 21, [3, 4]] => Jev emnped&letal

print(new list) # [[1, 2, 99], [3, 4]]
K. 1.6.8 — Avtiypapn avapopdg vs. pnxn avtypaen vs. Badia avtiypaen.

1.6.2. NMAewadeg

Ot mAeLddeg (tuples) eival dopég Sedopévwv TOU UIMOPOUV va TTEPLEXOUV ETEPOYEVH OTOLXElD, T
omnola Slaywpilovtal pe KOUUATO Kal TiepIKAElovTaL 08 TTAPeVOETELG. ZTNV TIPAEN, OL APEVOEDELG
glval MPOALPETIKEG 0 TIOANEG TEPUTTWOELG, KOBWE N TAeLASa opileTal amo Ta KOUUATA KoL OXL OO
TIG TapevOEoeLS. Ta MEPLEXOUEVA HLAG TTAELASAG SEV UMOPOUV VA TPOTIOTIOLNB0UV KATA TNV EKTEAEON

Tou Tmpoypappatog, eivalt dnAadn immutable (un-tpomomoliolues R aAALWG UN-UETOAAAELUES
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60uEg). Onmwg Kkal oL Aloteg, ol TAELAdEC avikouv oOTIG akoAoubBieg (sequences), emouévwg Ta
otolxela Toug eival Statetaypéva (ordered) kat n mpdoBach o€ AUTA YiveTal HECwW SEIKTWVY BEoNC pe

apiBunaon mou Eekiva amo to 0.

Mua Alota prmopei va petatpanei os mAslada pe tn ocuvdaptnon tuple(), evw pla mAslada pnopet va
petatparnel oe Alota pe tn ouvaptnon list(). ISlaltepn mpoooxn amatteital katd tn Snuloupyia
mAsLadog evog otolxeiou: n ékdpaon (1) Bewpeital anAwg aképalog aplBuog, evw n (1,) Snuovpyetl
mAsLada evog otolxeiou, omwe daivetal anod tig ekdpaoel type((1)) mou entotpédel <class 'int'> kal
v type((1,)) mou eniotpedel <class 'tuple'>. OL MAELASEC elval YEVIKA TILO ATIOSOTIKEG ATO TIG AloTEC
WG¢ TPOC TN HVAN TIOU KOTAAQUBAVOUV KOL WG TTIPOC TNV TaXUTNTA KTEAECNG, AOYW Tou OTL elval pn-

TPOTIOTIOLI OLULEG.

Onwg kot ot Aloteg, ol MAelAdec umooTNPI(OUV TEHAXLOUO Kol epdwAlacpd, dnAadn mAsLadeg pe
otolxela GAAec mAsladeg. Mpodavwe otnv mepimtwon Twv eUPWAEVUEVWY SOUWV UMOPEL yla

napadelypa pa Alota va nepléxel epdwAeupéveg MAELASEG Kl To aviiotpodo.

Jta akoAouba napadsiyparta (K. 1.6.9) oto REPL mapouoialovtal To XOpAKTNPLOTIKA KOL O TPOTIOG

XELPLOUOU TAELAS WV TTou avad£pOnKav Mapamavw.

, 3) # Poocixrp dnuioupyla mAeL&dag

, 3) # ol mopevOéoelg elval TPOXALPETLKEQ

(1, 3) # mpooPoaon pe deixtn Ofong
>>> t[1:]
(2, 3) # TepayLlopdc (slicing)

>>> type ((1))
<class 'int'> # dev glval mhe l&da

>>> type ((1,))

<class 'tuple'> # nmAe1&da evdg otolxelou

>>> 1st = [1, 2, 3]

>>> tuple(lst)

(1, 2, 3) # petatponn Alotac oe mAe L&da

>>> list (t)

(1, 2, 31 # petatponn mAelddag oe AloTa

>>> nested = ((1, 2), (3, 4))

>>> nested[1] [0]

3 # espowAeupévn nAeldda xal moAAamAol delkteg
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>>> mixed = [ (1, 2), (3, 4) ]
>>> mixed[0]

(1, 2) # Alota mou mepléxel mAeLddeq

>>> complex structure = ( [1, 2], (3, 4) )

>>> complex structure

(11, 21, (3, 4)) # mAe1&da mou mepléxel AloTa kol mAe L&

K. 1.6.9 — MNMapadeiyuata ue mAstadeg.

1.6.3. Aetika

Ta Ae€ika (dictionaries) gival pla Wlaitepa xpriowun doun dedopévwy, otnv omola amnobnkevovtal
Zeuyn NG popdng key: value. Ta kAewdla (keys) mpémel va eival pn-tpomormnotiolles (immutable)
TIHEG, OMwG oupPolooelpég, aképalol 1 TAELadeg, evw ol TEC (values) pmopouv va eivat
omoloudnmote tumou dedopévwy. H dnuloupyia evog Aefikou yivetal pe xprion aykuAwv { }, péoa
oTL omoieg opilovtal {evyn key: value xwplopéva pe Koppoto. Amd tnv Python 3.7 kal peTd, ta
Ae€lka Slatnpouv TN CElPA EL0AYWYNG TWV OTOLXELWV TOUC, YEYOVOG TIOU onuaivel otL n Slaoylon

Touc amodidel ta {evyn HE TN OELPA TTIOU TPOCTEONKAV.

Ye éva A€k pumopouv va mpooteBolv véa {elyn 1 va Tpomornolnfolv undpyovta PEcw avabeong
O€ OUYKEKPLUEVO KAELSL, evw n Slaypadn yivetal emiong pe Baon to KAELSL. H mpoofacn o€ pia TN
TPAYUQTOTOLE(TOL HEOW TOU oavtiotolyou KAeWSoL, xpnowomolwvtag ouvtaén tne Hopdng
dict_name[key]. Ta KAeLSLA evOg AeELKOU TIPETEL VAl €lval LOVASIKA, EVW OV ETIXELPNBEL N elcaywyn

161ou KAeLSL0U Seutepn popd, N VEA TLUN AVTIKABLOTA TV UTIAPYOUOA.

210 kwdika K. 1.6.10 mapoucialovral mapadeiypata XewpLopou evog Asfikou oto REPL.

>>> d = {"name": "Avva", "age": 25}

>>> d["name"]

'"Avva! # nmpbdboPoaon oe TLPH Péow KAeLdLOU

>>> d["age"] = 26

>>> d

{'name': 'Avva', 'age': 26} # tpomonolinon vn&pxoviog (eUyoug

>>> d["city"] = "AeHRva"

>>> d

{'name': 'Avva', 'age': 26, 'city': 'AGAva'} # mpoobAxrn véou (eUyouq
>>> d["age"] = 30

>>> d

{'name': 'Avva', 'age': 30, 'city': 'AGAva'} # oviiratdotaon TLUAC

>>> del d["city"]
>>> d
{"name': 'Avva', 'age': 30} # dlaypoen (eUyoug pe PBdon 1o KAeLdI

>>> d["height"]
Traceback (most recent call last):
KeyError: 'height' # ocpdApa av 1o rKAeLdl Sdev undpyxel
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K. 1.6.10 — lNapadeiyuata ue Aeéiko.

1.6.3.1 MéeBobol yia btdoyion Aeéikwv

OL péBodol keys(), values() kat items() xpnolpomnotloUvtal ylo TV IPOCBACH OTA TIEPLEXOUEVO EVOG
Ae€koU pe opyavwpévo tpomo. H keys() emiotpédel pa mpoBoln (view) pe ta kKAeldiLd tou As€lkou, n
.values() emotpédel avtioToya TIg TIHEG, evw N items() emiotpedel Levyn tng popdnc (key, value) wg
mAeladeg SUo otolyeiwv. OL MpoPOAEC auTEG eival Suvaplkég, SnAadn avtovakAolv Tuxov
petaPolrég tou Aefikou. H Slaoylon evog As€ikol mpaypatomnoleital cuvnbwg pe tnv evtoAn for, eite
anevuBelog mavw ota KAELSLA €lte pe Xprion TwV apamavw PeBOdwV yLa Tautoypovn npdoBacn os

KAELOLA KaL TLEG, OTWG daivetal ota akoAouBa mapadeiypata oto REPL (K. 1.6.11).

>>> d = {"name": "Avva", "age": 30}

>>> d.keys ()
dict keys(['name', 'age'l]) # mpoRoAn KAgLdLQV

>>> d.values ()
dict values (['Avva', 30]) # TpoROAR TLROV

>>> d.items ()
dict items([('name', 'Avva'), ('age', 30)1]) # (eUyn (key, value)

>>> for key in d:
print (key)
name
age # dL&oxLon KAgeLdLQOV
>>> for value in d.values|():
print (value)
AvVa
30 # dL&oxLon TLuOV

>>> for key, value in d.items():
print (key, "->", value)

name -> AVVX
age -> 30 # diLdoxion Ceuydv

K. 1.6.11 — MpooBaon ota kKAeLSLd kat otic TiuES Aeéikwv kot Stcoyton Agéikwv.

1.6.3.2 MéeBobot Aekikwyv

OL pébodol get(), pop(), update() kat clear() mapéxouv emumAéov Suvatotnteg Slaxeipong Aefikwy,
EVW UTIAPYOUV Kol GAAeC péBodol Ttou edappolovtal os Ae€ikd. H get(k) emiotpédel tnv TIUn mou
ovtiotolyel oto kAeldi k, xwpilg va mpokaAel odpdApa av 1o KAsWSL Sev umdpyel kabwg otnv
nepintwon autn emniotpédel None () TPOOLPETIKA MO TIU ToU pmopel va 600el we Seltepo
oplopa). H pop(k) adatpel to Levyog pe kKAeldi k ka emiotpédel TNV avtiotown TLUA, VW av To KAELSL
Sev unapyet mpokalet KeyError (ektoc av §00sl mpoemideyuévn tiun). H update(a_dict) evnuepwvet

1o A€kO pe ta {evyn key: value mou meptéxovtal oe éva GAAO AELKO 1 YeVIKA o€ €va Slaoyiollo
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(iterable) avtikeipevo levywy, avtikablotwvtag Tuxov umtapyovra KAewdLa. TéAog, n clear() adalpel

OAa ta {euyn amno to Ae€iko, adrvovTag To KEVO.

Y10 kwdika K. 1.6.12 napouoidlovtat oto REPL mapadeiypata mpocBaong Kal evUEPWONG TLLWY OF

Ae€ko pe Baon to KAELSL KaBwG Kot evnuépwang tou Ae€ilkou e véa (elyn KAELSLOU-TIUAG.

>>> d = {"name": "Avva", "age": 30}

>>> d.get ("name")
"Avva # emiLotpoon TLUAC

>>> d.get ("city")
None # dev mpoxodel opdAu

>>> d.get ("city", "Ayvwoto")
'"Ayvooto! # mpoemiAeypuévn TLUL

>>> d.pop ("age")

30 # apalpeon ol €mloTPOEN T LUAC

>>> d

{'"name': 'Avva'}

>>> d.update ({"city": "ABAHva", "age": 25})

>>> d

{'name': 'Avva', 'city': 'AGAva', 'age': 25} # evnuépwon/npoocbnkn

>>> d.clear ()
>>> d
{} # xevd Aeg 1k

K. 1.6.12 — Mé§obot Aeéikwyv yra AnYn ka evnuépwan TLUwv kadwe Kat yLo evnUEPwon AeELkou Ue VEa Leuyn.

1.6.4. ZUvoha

Ta clvola (sets) eival Sopég SeSoUEVWVY TTOU UTTOPOUV VA TIEPLEXOUV ETEPOYEVN oTOLXEld, Xwplg
SUTAOTUTIEG TLUEG, Ta omtola Staxwpilovtal Je KOt Kot TteplkAeiovtal o€ aykUAEG { }. 2 avtiBeon
ME TG AloTeg Kal TIG TAELASEC, Ta oUvoAa dev Slatnpouv Sldtaén HeTafy Twv oTolelwv TOUg,
enopévwg 6ev unootnpilouv npdéoPaon péow Sektwv Béong. Ta cUVOAQ €lval TPOTIOTOLNOLLES
(mutable) Sopég, SnAadn emtpémouv TNV MPocOnkn Kal adailpeon oTolXelwv UETA T Snuloupyia

ToUuG.

ISLaitepn mpoooyn amalteital Kotd Tn SnULoUpyLa EVOG KEVOU GUVOAOU 1) EVOG GUVOAOU LE €Val LOVO
otolxeio. H ékdpaon { } Sev dnuioupyel cuvoro ald kevo Ae€Lko. MNa tn Snuloupyia kKevou cuvolou
XPNOLUOTIOLELTOL N ouvapTnon set(), evw yla cUVOAO e €va oToLKElO pUmopoUv va xpnotomnotnfouv
OYKUAEG pe Tun, 1.X. {99}. H ékdppaon a = set([99]) Snutoupyei to olvolo {99}, evw n a = {99} emiong

dnuioupyel ouvolo kot OxL Ae€Lko, evw Ae€lkd Snuloupyeital povo otav umdpyxouv lelyn KAeLWSLOU -

)

TWAC, 1. {99: "twn"}.
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1.6.4.1 MéeBobol mpooiknc, Staypapnc Ko EVNUEPWONG CUVOAWY

OL Baolkég péBodol Twv cuvolwv neplhappfavouv Tig add(x), n omoia MPoOoBETEL TO OTOLXEIO X OTO
ouvolo (av umapyxel Aén, To oclvolo Tmapapével auetapfAnto), kat .update(x), émou to Oplopa X
umopet va eivat Alota, mAetada, cUVoAo 1| yevikd omolodrmote emavaAnPLuo avrikeipevo (iterable),
KoL kaBe otolxeio Tou mMpootiBetal oto cuUvolo. Na Slaypadn otoleiwv Xpnolpomololvtal ol
discard(x), mou adalpel To otoeio X XwWPiG va TMpokaAsl oddApo av autd Sev UTIAPYEL, Kot
remove(x), n onoia emniong dtaypddel to otolxeio aAAd mpokahel KeyError av dev Bpebel. EmumAéov,
n pop() adaipet kot emiotpédel €va tuxaio otolxeio (Aoyw éNewpncg diatagéng), evw n clear()

Slaypadel 6Aa ta otolyeia Tou cuvoAou.

2Tn ouveéyxela akoAouBoulv napadeiypata, oto REPL, Twv pebodwv nou avadepdnkav (K. 1.6.13).

>>> s = {1, 2, 3}

>>> s.add(4); s
{1, 2, 3, 4} # mpooBAKn oTtolxelou

>>> s.add(4); s
{1, 2, 3, 4} # dev mpootiBetal dLmAdTUIIO

>>> s.update([4, 5, 6]); s
{1, 2, 3, 4, 5, 6} # mpooBAKn moAAGV otolxelwv amd iterable

>>> gs.discard(10); s
{1, 2, 3, 4, 5, 6} # dev mpoxroAel opdApa av dev undpxe L

>>> s.remove (6); S
{1, 2, 3, 4, 5} # dlLaypaen otolxeliou

>>> s.remove (10)
Traceback (most recent call last):
KeyError: 10 # ocpdApa ov 1o otolxelo dev undpxel

>>> x = s.pop(); x, s
(1, {2, 3, 4, 5}) # apaipeon kol emLotpoen Tuxaiou oTrolyxelou

>>> s.clear(); s
set () # dLaypaern SAwv Tev otolxelwv

K. 1.6.13 — MBobot ouvoAwv.

1.6.4.2 Méegodbol npatewv ouvorlwv

Ta ouvola unootnpilouv Habnuatikeég mpatelg ouvoAwy. H union() i o teAeotng | umoAoyilel tnv
€vwon, n intersection() i & tnv toun, n difference() n - tn dtadopd kat n symmetric_difference() n »
TN CUPUETPLKA Sladopd dUo cuvorwv. H Stadopd SUo cuvolwv A kal B (A - B) elvat to oUvoAo Twv
otolyelwv mou avnkouv oto A aAAd dev avrikouv oto B. AnAadr, adalpouvtal and To MPwTo cUVOAO
OAa Ta oToLKEla IOV UTTAPXOUV Kat oTo Seltepo. H ouppetpiki Stadopd SUo cuvolwv A Kat B eival

TO 0UVOAO TWV OTOLXELWV TTOU avAKOUV gite 0To A gite oto B, aA\d O)L KaL ota U0 Tautdypova.
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Yrniapyouv emniong pEBodot olykplong omwg n issubset() kat n issuperset() yla €Aeyxo av Eva cuvolo
glval umoouUvoAo f uTtepUVOAO evog GAAoU cuvolou avtiotolya, kabwg kal n isdisjoint() yla €éAeyxo

av SUo ouvolAa eival E€va, SnAadn Sev £xouv Kolvd oTolyela.

Yta akdAouBa mapadeiypoato oto REPL, xpnolpomnolouvtal ol mPAgelg kal ot pEBodol cuvoAwv Tou

avadEpOnkav napanavw (K. 1.6.14).

>>> A {1, 2, 3, 4}
>>> B = {3, 4, 5, 6}

>>> A.union (B)
{1, 2, 3, 4, 5, 6} # évoon

>>> A | B
{1, 2, 3, 4, 5, 6} # évwon ue tedeotn |

>>> A.intersection (B)
{3, 4} # toun

>>> A & B
{3, 4} # Toun upe TeAeoIn &

>>> A.difference (B)
{1, 2} # dLapopd A - B (010 A aAA& 6xL oto B)

>>> A - B
{1, 2} # SlLopop& pe teAgoTh -

>>> B - A
{5, 6} # SiLopopd B — A

>>> A.symmetric difference (B)
{1, 2, 5, 6} # oupnetplxh dLapopd

>>> A "~ B
{1, 2, 5, 6} # ouppetplr) dLaeopd pe TEAECTH

A

>>> {1, 2}.issubset (A7)
True # éAeyxoc umoouvoAou

>>> A.issuperset ({1, 2})
True # élheyxocg umepouvoOAou

>>> A.isdisjoint ({7, 8})
True # dev éxouv xolv& otolxelo

>>> A.isdisjoint (B)
False # éxouv xolLva otolxela (3, 4)

K. 1.6.14 — lNpaéeic ouvoAwv.

1.6.5. Zuvduaouoc akohouBlwy
H cuvdptnon zip() cuvdualel SVo ) meplocdtepa Slaoyiowo avtikeipeva (iterables), 6mwg Aloteg,
TAeLa6ec, cUPPOAOCELPEC K.a., SnULOUPYWVTAC £va VEO SLOOXIOLIO OVTLIKE(PUEVO TOU Oomoiou KAOe

otolxeio elval pla mAewada. Kabe mAeldda mepléxel otolxeia mou Bplokovral otnv idla Béon ota
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apxka aviikeipeva. H zip() dev emiotpeédel Alota ald éva aviikeipevo tuTou iterator, to omoio
umopet va petoatpamnel oe Alota pe tn list() av amotteitat. H Aswtoupyla g otapatd HOALG
€€avtAnBel to ocuvtopotepo amod ta So0Bévta aviikeipeva, SnNAadrn To UAKOC TOU QIOTEAECUOTOG

kaBopiletal and 1o HkpoTePO iterable.

Zta napadeiypatra oto REPL mou akoAouBouv (K. 1.6.15) mapouctldletal n xprion tng cuvaptnong

zip().
>>> a = [1, 2, 3]
>>> b = ["CX", "B", "Y"]

>>> list(zip(a, b))

[(1, 'a"), (2, "B"), (3, 'v")I # ouvduoaoudc otolxelwv (dLag 6éong
>>> ¢ = [10, 20]

>>> list(zip(a, c))

[(1, 10), (2, 20)] # otopotd OTo PLKPOTEPO HUNKOCQ

>>> x = [1, 2, 3]

>>> y = ["A"’ "B"’ "I\"]

>>> Z = ["X", "y", "Z"]

>>> list(zip(x, y, z))
((1, 'A', 'x"), (2, 'B', 'y"), (3, 'T"', 'z')] # ouvduaopdc TPLOV ALOTOV

K. 1.6.15 — Juvbvaoudg Atotwv ue t zip().

1.6.6. MNepudbpaotikec Aloteg

Mua mepidppaotiky Alota (list comprehension) amoteAel €vav cupmoyr Kot €KPPACTIKO TPOTO
Snuoupyiag Alotwy, evw avtiotolxn olvtagn UTTAPXEL Kol ylo cUVoAa Kot Ag€ika. Tuvbuadlel Evav
Bpoyxo for kal pla ékbpacn oe pia HOVO ypauUn KWOKA, EMTpENOVTAS TN Snuloupyia véag Alotag
XwpLg TN Xprion MoAAmAWVY eVIOAWV. ZUXVA oL TepldPAOTIKEG AlOTEG €lval TILO EUAVAYVWOTEG Kal
TOXUTEPEG OTn ocuyypadn O CUYKPLON HUE TOV apadoolakd tpomo xpriong Ppoxou for. H Baowkn

ouvtagn evog list comprehension sivadt:
[expression for item in iterable if condition]

Omou expression elval n ékdpoon Mou TAPAYEL Ta OTOLXEla TNG VEAS AloTag, item n petafAntn mou
avamnoplotd kabe otolxelo tNG akoAoubBiag, iterable n Soun mou Siaoyiletal kat condition éva
MpoalpeTikd ¢iAtpo mou kabopilel molwa otolxeia Ba ocupnepAndBoulv. Av To condition

napaleldpBdel, OAa Ta otolyeia tou iterable cuppetéyouv otnv mapaywyr g véag Alotac.

AxkoAouBoUv pepikd mapadeiypata oto REPL (K. 1.6.16) pe mepldppaoTIKEC ALOTEC:

>>> nums = [1, 2, 3, 4, 5]

>>> [x**2 for x in nums]
(1, 4, 9, 16, 25] # tetpdyova SAwv Twv otolXelwv
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>>> [x for x in nums 1f x % 2 == 0]

(2, 4] # oLATpdpLlopa APT LV
>>> [x**2 for x in nums if x % == 0]
[4, 16] # ouvduaopdc peTUOXNUAT LOPpoU Kol @lATpou

K. 1.6.16 — MepLppaoTIKES AlOTEG.
Avtiotolxn ouvtaén pe TG ePLPPAOTIKEG AloTeG UTIAPXEL KOl yla TN Snuloupyio cuvolwv Kot

Ae€lkwv. ZTNV mepintwon Twv cuVOAwV Xpnotpomolouvtot aykUAEG { } avti yia [ ], evw yio ta Ae§ka n

£kdppoon MpENEeL va tapayet {evyn tng popdng key: value. AkoAouBouv mopadeiyparta (K. 1.6.17)

oto REPL:

>>> words = ["uRAo", "umovdva", "oaxA&dL", "unio", "axA&dL"]
>>> {w for w in words}

{'uhro', "umovdva', ToaxAd&dL'} # omoudxpuvon S LTAOTUIWOV

>>> {(w[0] for w in words}
{'n', 'o'} # apx LKA vpduuota (povod Lxd)

>>> students = ["Avva", "Nixoc", "EAévn"]
>>> {name: len (name) for name in students}
{'"Avva': 4, 'Nixocg': 5, '"EAévn': 5} # Ovopa -> PpHRKog ovoOuaTog

>>> grades = {"Avva": 85, "Nixog": 72, "EAévn": 91}
>>> {name: grade for name, grade in grades.items() if grade >= 80}
{'"Avva': 85, 'EAévn': 91} # oLATpdplopa Bhoel PBabuol

K. 1.6.17 — MepLppaotikos tpomog Snutoupyiag AeEkwy.

Opyavwon KwoLKA O TUAMOTO KO TIAKETA
H opyavwon tou kwdika os TuRuata (modules) kal makéta (packages) otn Python amote)el Baoikn
T(POKTLKA YLOL TNV QVATTTUEN EMEKTACLUWY KAl CUVTNPACLUWY edapuoywv. Eva module emutpénel tn
Aoyikr} opadomoinon cuvadwv cuvapPTNOEWY, KAACEWV Kal METABANTWV O EeXWPLOTO ap)Elo,
SleukoAUvovTog TNV enavaypnolponoinon pécw import. Ta packages, wg cuAhoyég and modules
OpPYyaVWVOVTAL CE LEpaPXIK Sopr Kataloywv, umootnpilouv tTnv avamrtuén HEYAAWV £pywv Ko
ETUTPETOUV EeKABOPO SLOXWPLOUO POAWYV YLaL TOL EMUEPOUE UTIOCUCTHATA TWV epapuoywv. Méow
NG 0pyAvVWOoNG TOU KWOLKA O TUNMOTO KOl TIOKETO ETITUYXAVETAL KOAUTEPN QVOYVWOLUOTNTA,
£UKOAOTEPOG €Aeyxoc (testing), Kol AMOTEAEOUATIKOTEPN CUVEPYAOoia o€ opadLka €pya, KoBwg kabe

UTocUOTN A Uopel va avamtuxBel autovopua.

1.7.1. Modules

‘Eva module elvat pia culoyn and avtikeipeva Python mou pmopet va yivel import. Mpokettal yla
€va apyelo .py mou xpnoLlomoleital yla TN AOYLKH 0pyAvwWan TOU KWSELKO GE EMOVAXPNOLLLOTIOL OO
otolyeia. Eva module pmopel va mepléxel cuVapPTAOELG, KAAOELG, LETAPANTES, KABWCE KAl EKTEAECLUO

KWALKa o apxtkomolel to module.
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Ta modules Stakpivovral otig €n¢g KaTnyopiec:

o  Built-in modules: Exouv uAomoinBei og C kat amoteAoUV PEPOG TOU TIUPHVA TOU SLEPUNVEUTN
¢ Python. Mapéyovtal £tolpa mPog XpNon Xwpi¢ va amalteital eykataotacn ond tov
xpnotn. Oplopéva napadeiypata built-in modules ival ta akdéAouvda:

O Sys - MpOoBacn o€ MAPAUETPOUG KOl AELTOUPYLEG TOU SLEpUNVEUTNH
o math = pabnuatikég cuvaptroelg

o time - ouvaptnoelg dlaxeiplong xpovou

0 0S => aAAnAenidpaon Ue To AELTOUPYLKO cUCTNUO

o random = napaywyn Wevdotuyaiwv aplBpwy

e Modules tpitwv Kataokevaotwv (third-party modules): Asv nepAapfdavovtal otnv TUTLKNA
gykataotaon tng Python kat eykoBiotavrat ocuvibw¢ péow tou pip. Mopadeiypata
anoteAdouv ot BLBAoOrnkec NumPy, pandas kot Matplotlib, oL omoieg eival opyavwpévee wg
packages mou nepléxouv moAamAd modules Kal eEMeKTEIVOUV GNUAVTLIKA TIG SUVATOTNTEC TNG
YAwooag.

e Modules oplopéva amno tov xpriotn (user-defined modules): Mpokettal yla apyeia .py mou
Snuloupyel o (610C O MPOYPOUUATLOTAG YLO VO OPYOVWOEL TOV KWHELKA TIOU avamnTtUooEL.

ETTpEmMouV To SLawpPLoUO TNG AELTOUPYLIKOTNTAG O aveEapTNTA TUAATA.

1.7.1.1  Xprion modules
Ytnv mapaypado autr) Ba mepypadel n xprion otabepwv Kal cuvaptioswy tou module math, wg
£va mapadelypa Twv SLopopeTIKWV EVOAAOKTIKWY TPOTIWV HE TOUG omoiouc umopel va emiteuxOel

npooBacn ota otolxeia twv modules.

Eotw OTL emISWWKETAL N XpRon g otabepdc pi KAl TNG cuvaptnong nuutovou, sin() yla tov
umoAoylopd tou nuitdévou twv 30°, dnAadn tou m/6. MNa va kotaotel auvtd Sduvato, amaltsital

opXLKA N eLoaywyr tou module pe tnv evtoAn:
import math

Itnv meplmtwon auth, n mpocBacn ota otoleia Tou module mpayuoatomoleital PHECW TOU

namespace tTou (math), wg €€ng:
math.sin (math.pi / 6)

H pntn avadopd oto évopa tou module (math.sin, math.pi) Staodalilel tn cadr npoélevon kabe
OVTLKELUEVOU KOl QTIOTPETEL TUOAVEG OUYKPOUOELG OVOUATWY. AV Teploodtepa and £va modules
opllouv avtikeipeva pe TO 6l oOvopa (myx. sin N pi), n xpnon 1ING MHopdNg

module_name.object_name emwtpémnel Tnv akpLPn Tautomnoincn tou emBuuntou otolxeiou.
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Eival emiong Suvatdg o oplopog YPeuvdwvupou (alias) yia éva module kata tnv elcaywyn tou. Mo tnv

nepintwon tou module math o oplopog evog Peudwvipou yivetal wg e€nc:

import math as m
m.sin (m.pi / 6)

Me tov TpOTo aUTO, To Ovopa math avtikabiotatal oto TpExov namespace amnod to PeuSwvupo m. H
TPOKTIKA auth elval Wolaitepa xpnown otav to ovoua tou module elval peydho 1 otav

XPNOLUOTIOLEITAL CUXVA HECA OTO TIPOYpapa (.. import numpy as np).
EVOAAOKTIKQ, UTTOPEL VA POy LATOTIOLNOEL ETUAEKTLKI ELOQYWYH CUYKEKPLULEVWY OVTLKELUEVWV:

from math import sin, pi
sin(pi / 6)

Me TOV TPOTO QUTO, TO. OVOMATA Sin Kol pi €lodyovtol ameubelog oto TPEXOV hamespace Kol
UmopouV va xpnotponotnfolv xwpic to mpobepa tou module. TEAOC, ival dSuvath Kat N KaBoALkn

£loaywyn:
from math import *

H teAeutaia popdn, av Kol CUVTAKTIKA €yKupn, &V CUVIOTATAL O HEYAAQ TIPOYPAUUATA, SLOTL
€l0dyel OAa T ovopara tou module oto Tpéxov namespace, oaufdavovtag tnv mBavotnTa

OUYKPOUOEWV KOL LELWVOVTOC TN oadrVELA KOL TN GUVTNPNCLULOTNTO TOU KWELKA.

1.7.1.2  Tapadeiyua module opltougvou amo tov xprotn
‘Eotw éva module pe dvopa my_mod.py (K. 1.7.1), To omolo mepLléXel cUVAPTNOELG Kal LETABANTEC
OTlG omoieg¢ €xouv avateBel TWWEG. Ta otowela autd amotedouv ta Aeyoueva attributes

(xapaktnpLotikad) tou module, SnAadn ta ovépata tou opilovtal oTo hamespace Tou.

PI = 3.14159

def square(x):
return x * x

def hello(name) :
return f"Hello, {name}!"
K. 1.7.1 — O kwéikag evog amAou module.

Mépa Twv attributes mou opilovtal pntd amoé Tov Mpoypappatioty, kabe module SlaBétel Kat
oplopéva mpokaboplopéva (built-in) attributes, mou undpyouv oe 6Aa ta modules tng Python.

EvSelktika avadépovtal Ta akoAouba:
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o _ file_ - mepléxel 1o Ovopa katl tn Stadpoun Tou apxeiou and to onolo poptwlnke TO
module.

e _ name__ - AapPavel tnv T "__main__" otav to (6lo to module exteAeital anevBeiog
w¢ KUpLo MPOoypappa. Otav OpwG yivetal import and GAAo mpoypapud, AapBAveL wg TIUA To
ovopa tou module.

e  doc__ - mepléxel to docstring tou module, dnAadn ™ cupBolooslpd TekUNpiwong mou

£xelL TonoBetnBel otnV apyn Tou apxeiou.

To module pmopel va swoaxbel (import) oe AAa mpoypaupato Kal ta attributes tou va
TIPOOTIEAQCTOUV UE XPNOoN TNG onueloypadiag teAeiag onwg otov kwdika K. 1.7.2 mou umoBeTika

Bploketal oto apyeio main.py, otov 6o ¢pakelo e To apxeio my_mod.py.

import my mod

print(my mod.PI) # 3.14159

print(my mod. (5)) # 25

print(my mod. ("Mapia™)) # Hello, Mopla!

print(my mod. ) # egpepavilel 1o path Tou my mod.py

print (my mod. ) # epepavilel "my mod"

print( name ) # epooaviler " main "

print (my mod. ) # epoeoavilel 10 docstring: "Eva omAd module xphotn"

K. 1.7.2 — Eloaywyn tou module my_mod kot kArjon.

" "

1.7.1.3 Opdloctou __name__=="_main__

JUXVA OTOV KWELKA CUVAVTATOL N EVTOAR:

if name == " main ":

TIoU onuaivel OTL oL evtoAég Tou Bpiokovtal oto pmAok tng if Oa exktehectolv LOVO OV TO apPXEio
KWALKA TIOU TIC TIEPLEXEL Elval OUTO TIOU PWTOYeEVWG ekteAeital, dnAadn dev yivetal amAd import
ond kamowoo GAo apxeio kwdika Tou £€xel emideyel va exteleotel. To akdAouBo mapdadelypa

anoocadnvilel To mopaAmAvVW.

‘Eotw éva opxelo pe oOvopo a.py, TOU TEPLEXEL ULOL oUVAPTNON OAAG KOl KATOLO KWOLKOL EKTOC
ouVapPTHOEWY, Onwc dalvetal otov kwdka K. 1.7.3. Av to a.py yivel import and éva apxeio b.py
(kwbikag K. 1.7.4), mou PBpioketal otov 6o dakelo pe to a.py, Kal to b.py ekteleotel tote Ba
EKTEAEOTEL O KWLKOG EKTOC CUVAPTHOEWV TOU a.py. AuTO amotelel pla cupmeptdopd mou cuvhnoOwg

Sev elvat emBupntn.

def my function():
print ("Auty eival pLa ocuvéprnon tou module a!")

for in range(2):
print ("K&t L mou mpémel va yivetal 6toav exkteAdelital 1o a.py")
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K. 1.7.3 — O kwébikag tou a.py.
import a

a. ()

K. 1.7.4 — O kwébikac tou b.py kaAei tn ouvaptnon my_function() mou opiletat oto module a.

H £€060¢ NG ektéleong tou b.py Ba ivat n akoloubn:

K&atL mou mpémel va vivetoal étov extedel{tal 10 a.py
K&t mou mpémel va yvivetal 6tav exkteAeliTal 10 a.py
Auth elval pla ouv&pinon tou module a!

MNa va anogpeuxBel n ekTEAECN TOU KWELKO EKTOG CUVAPTICEWV TOU a.py Otav ekteAéttal To b.py Ba

TPEMEL 0 KWHOIKAC EKTOC CUVAPTNOEWV TOU a.py va TomoBetnBel Yo OTO UMAOK EVTOAWV HLOG

€VTOANG if mou Ba eAéyxel av n T TN €WOWKNG MeTABANTAC __name__ eival ion pe "__main__".

JUVETIWC, N Véa popdn Tou a.py Ba elvat onwg dpaivetat otov kwdika K. 1.7.5.

def my function():
print("Auth eival pLa ouvédptnon Tou module a!")

if name == " main_
for in range(2):
print ("K&tL nmou mpémel va yivetal 6toav exkteAelital 1o a.py")

" "

K. 1.7.5 — O kwéikag Tou a.py UETA TNV mpoodkn Tou eAEyyou if __name__ =="_main__".

H ektéAeon tou b.py o autr tv nepintwon Oa mMPokaAéoel TV eKTEAECN POVO TOU KWOLKA TNG

ouvaptnong my_function() and to module a. H £€€odoc¢ Ba sivat:

AuTrh elval plLa ouvépinon Tou module a!

1.7.2. Packages

‘Eva package (makéto) amoteAel pla opyavwpévn culoyn amd modules kal evéexouévwe dAa
umonakéta (subpackages), to omola Sopouvtal LEPAPXIKA LECA OE €VAV KATAAOYO TOU CUOTHUOTOG
opxelwv. H évvola tou package emttpénel tnv opodomnoinon oXeTikol KWKo o BeUATIKEG EVOTNTEG,
SleukoAUvovTog TOC0 TNV EMOVAXPNOLUOTOINoN 000 KOl TN GUVTHPNCN HEYOAWV £pYWV AOYLOMLKOU.
Me &A\a Aoy, ta packages amoteAoUv pwa €8k mepimtwon modules, ta omola Opwg

avanopiotavral wg pAakeAoL TTou MePLEXOUV EMUPEPOUG apXeia Python.

XOopaKTNPLOTIKO TapASelypa TAKETOU AmOTeAel To numpy, To omoio meplthapPavel subpackages
omnw¢ ta core, linalg, random k.a. To subpackage numpy.linalg, ylia mapadsiypa, meptéxet modules
OXETIKA WE TIPALELG YPOUMIKNG GAyeBpaC, OMWC UTOAOYLOUO avTLoTpOdOU Tivaka, UTIOAOYLORO
oLotipwy, KA. Etol, évag xpriotng unopet eite va eloaydyel oAokAnpo to package (import numpy as
np) eite va elcayayel cuykekpLUEvo subpackage (from numpy import linalg), avaloya pe TIG avaykeg
TOU TipoypPAppatoG. 2tov Kwdika K. 1.7.6 mapouolaletal éva mapdadelypo 6mou dnpoupyeitat Evog

nivakag A Le Xxprion TG humpy, KoL otn cuvéxela aflomoleital To subpackage numpy.linalg yia tov
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UTIOAOYLOMO TOU avTloTpOdou Tivaka PEOW TNG ouvdptnong linalg.inv(A). Ito ouykekpluévo
MOPASEYUA, O TEAEOTAC @ XPNOLUOTOLE(TOL Yl TOV UTIOAOYLOMO YLWVOHUEVOU TILVAKWY,
emuBePatwvovtac otL To ywopevo A - A™1 wooltal pe tov povadiaio mivaka, dnwc daivetal otnv
£€060 E. 6. Ma va xpnotponownBel to numpy Ba mpémnel mpwta va eykataotabel pe to pip (1 &AAo)

OTWG TepLYpAdnKe oTNV eVOTNTA .

import numpy as np
from numpy import linalg

# omo@UYN €mLOTNUOV LKAC OnueE Loypap lag
np. (suppress=True)

A=I’1p- ([[lr 2]! [31 4]])
print("A:\n", A)

# yphon omdé 1o subpackage numpy.linalg
inv_ A = linalg. ()
print("A"-1:\n", inv_A)

I =A@ inv A # 1o ylLvépevo A * A"-1 pe tov teAeotn @
print("A x A"-1:\n", I)
K. 1.7.6 — Mapadetyua xpriong tou package numpy.

A:

(0. 1.1]

E. 6 —Eéoboc kwbika K. 1.7.6.

1.7.2.1  Anutoupyia evoc package arto tov xpnotn

H dnuloupyla evog package amo tov xprnotn eival pua oxetikn amAn Swadikacio kat Bonda otnv
KOAUTEPN 0PYAVWON TOU KWALKA yla peyoAUTtepeg epappoyEC. Eva package eival évag dpakehog mou
TEPLEXEL apXela .py Kal, KATA Kavova, €vo opxelo _ init_ .py, To omoio &nAwvel otL o dakelog
TPETEL VA OVTLLETWIILOTEL WG TaKETO. H Xprion packages emitpénel tn Aoylkn opodomoinon tou

KWK e oKOTIO TN SLlEUKOAUVON TNG EMOVAXPNOLUOTOINONG KOL CUVTAPNGONG TOU KWELKA.

21N cuvéxela mapouolaletal éva Tapadelypa dSnpoupylag evog package pe évopa my_package mou
niepléxel Suo apyela .py: To apxeio math_utils.py (kwdwkag K. 1.7.7) kot 1o apyeilo text_utils.py
(kwbikag K. 1.7.8). Ta apyeio avtd umdpyouv os evav dakelo pe dvopa my package mou emumAéov
TIEPLEXEL TO APXELO __init__.py TO omoio oto cuykekpLuévo mapddstypa eival kevd. To my_package
XPNOLUOTIOLELTOL Ao £va apxeio main.py (kwdwoc K. 1.7.9) to omoio Bpioketal oto idlo eminedo
dakélwv pe tov pakedo my_package. H Souny pakéAwv kal apxelwv mou dnuloupyeital sival n

okdhoubn:
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my package/
__init  .py
math utils.py
text utils.py
main.py

def add(a, b):
return a + b
K. 1.7.7 — Ta neptexoueva tou math_utils.py.

def whisper (message) :
return message. () + "..."

K. 1.7.8 — Ta mepteyoueva tou text_utils.py.

from my package import text utils, math utils

print(math utils. (2, 3)) # 5
print(text utils. ("Hello")) # "hello..."
K. 1.7.9 — Ta neptexdueva tou main.py puadl pe tnv €€050 TOU MTPOKAAEITAL ATIO TLG KANOELG CUVAPTHOEWY WG TXOALAL.

EvaAlakTik@, yla tTnv o doun apxeiwv kot dakéAwv Ba pmopolcoe n __init_ .py va €XeL TO
TepLeXOevo ou daivetal otov Kwdika K. 1.7.10, koL f main.py vo XL WG TIEPLEXOUEVO TOV KWK

K. 1.7.11. To amotéAeopa eKTEAEONG TOU Main.py Ba elval kot g auth Thy Tepintwon to i61o.

from . import add
from . import whisper
K. 1.7.10 — EvaAAaktikn uAomoinon: ta TepLEXOUEVA TOU __init__.py.

import my package
print(my package. . (2, 3)) # 5

print (my package. . ("Hello")) # "hello..."
K. 1.7.11 — EvaAAaktikn uAomoinon: Ta TEPLEXOUEVH TOU main.py.

1.8. Avtikelevootpadng mpoypoUaTIoNOG

H Python eival pa yAwooo moAhamlwv umodelypdtwy (multi-paradigm). Autd onuaivel oOtL
umootnpilel TOAAOUC TPOTOUG E TOUC OTOLoUG Uopel va emiteuxBel n avamtuén mPoypoUpATWY,
edappoywv Kot peydAwv MANpodopLOKWY CUCTNUATWY. AUO Bacikol TPOTOL MPOYPOUUATIOHOU HE
v Python eivat o &lwadikaoclakog mpoypoppatiopds (procedural programming) kot o
OVTIKELHEVOOTpadnG Tipoypappatiopdc (object oriented programming). O  SLadKoOLAKOG
TIPOYPOUUATIOUOG OPYAVWVEL TOV KwdLka o Stadikaciseg/ouvaptioelc. O MPOYPAUUATIONOC YiveTal
ME TN ouyypadr cuvVapTHOEWY TIOU ETIAUOUV IKPOTEPA UTtoTpoPAnata. Méow TG emiAuong Twv
MLKPOTEPWVY UTOTIPOPRANUATWY KoL TOU ouvduaopol ToUuG eTSLWKETOL N emiAucn HeyaAUuTEpwY
TMPOBANUATWY UEXPL VA eTUTEVXOEL N eMiAucn Tou GUVOALKOU TtpoBARUATOC. ATO TNV AAAN TAEUPQ, O
OVTLKELUEVOOTPADNG TIPOYPOUUUOTIONOG OPYOVWVEL TO TIPOYPOUUA YUPW amo avIKeipeva (objects)
nou cuvdualouv dedopéva kal cupmnepldpopd otoxelovrag otnv emiteuén vPnAdtepou emumédou
adaipeonc yla tnv anoteAecpatikdtepn povtelomnoinon Kot emilucn tou mpoBARuatog. Me tov 6po

odaipeon (abstraction), mou amotelel pla amod TIC 4 PACLKEC QAPYXEC TOU QVILKELLEVOOTPOPOUG
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TIPOYPAUUATIONOU, EVVOE(TAL N LaThpNnon LOVO TWV OUCLOOTIKWY OToLXElwv TTou oxeTi{ovtal Ye tThv
€MAUCN TOU TPOPBANUATOC KOL N AMOKpUYPN TwV PN amopaitntwy Aemtopepelwv vAonoinong. Ot
GANEC TPELC OpPXEC TOU  QVTIKEWEVOOTPAdOUG TPOYPAUUOTIOHOU eival N evBuAdkwon
(encapsulation), n kAnpovouwkotnta (inheritance) kat o moAupopdlopog (polymorphism), mou Ba

nieplypadolV oTn CUVEXELA.

O avtlkelpevooTpadnG TMPOYPOUMATIONOG BOewpeitol YevikA OAPEPO WG €vo  EMITUXNHUEVO
TIPOYPAUHUATIOTIKO UTtOSelypa (programming paradigm) mOu e TPOOEKTIKN KAl owotr £dapuoyn
UTTopEL va 08NyrnoeL 0TNV KOTOOKEUN LEYAAWY EPOPUOYWYV TIOU ELVOL OXETIKA EUKOAO va emektabolv
Kol va 6lopBwbolv evw 0 KWOLKAG TOUG TOPOUEVEL KOTOvoNToC. KaBwg n ocuyxpovn avamtuén
AOYLOULKOU EUMAEKEL OUASEG TIPOYPAUUATIOTWY TIOU AVOVEWVOVTAL CUXVA, N KAAr yvwohn Twy opXwV
NG QVTIKELLEVOOTPOdOUG OXeSIOONG KOL TOU OVTIKELLEVOOTPODOUG TIPOYPAUHUATIONOU OF pLa
YAWOOQ TPOYPAUUOTIONOU TIoU Tov umootnpilet (m.x., Java, C++, Python) elval moA\ég dopég

TIPOATALTOUHEVO YLa TNV €VTAEn EVOC VEOU UEAOUC O€ Lo opdda avamtuéng AoyLopikou.

JUMIMEPACUOTIKA, N Python sival plo kaBoapd avilkelevooTpadi yYAwooa MPoypaUUaTIoUoU KaTd
™V €vvola OTL OAa gival avtikeipeva onwe daivetal otov Kwdika K. 1.8.1 mou ekteAeital oto REPL
KoL xpnotgormolel tn ouvdptnon type(). EmutAéov, n Python umootnpilel tov Sladikaoclako
TIPOYPOUUATIONO Kal SLaBETEL XapaKTNPLOTIKA cuvapTnolakol mpoypappotiopol (m.y., lambdas,

closures, first-class functions).

>>> type (1)

<class 'int'>

>>> type ('Teia')

<class 'str'>

>>> type (sum)

<class 'builtin function or method'>
>>> import math

>>> type (math)

<class 'module'>

>>> type (math.sqgrt)

<class 'builtin function or method'>

K. 1.8.1 = >tnv Python oAa elvat avtikeipeva.

1.8.1. KAAoeLg Kal avTikeipeva

AUO BAOIKEG £VVOLEC TOU OVTIKELUEVOOTPAdOUC TIPOYPAUUATIOHOU lval n €évvola TG KAAoNG Kal n
£vvola TOu avtlkelévou. Mia kAdon (class) amotelel éva adnpnuévo mpotumo (blueprint) N éva
KoAoUTIL pe BAon To omolo SnpLloupyolVTaL GUYKEKPLUEVEG ovTOTNTEG. YTNV Python, n kAdon opilel
™ Soun twv Sedopévwy (xapaktnplotikd/attributes) kat tn cupmnepidpopd (LeBdSouc/methods) mou

Ba £xouv ta avtikeipeva iou Ba SnpoupynBoulv amd autnv.
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1o mopadetypa tou kKwdika K. 1.8.2 n kAdon Car opilel TL onuaivel «outokivnto» PECA OTO

npoypappa. Nephappavet:

e Tpia xapaktnplotikd mou Sivovtal katd tn Snuloupyia Tou aviikelpévou: make, model, year.
e 'Eva emutA£0v XOpaKTNPLOTIKO odometer, To omolo apxlkomoleitatl otnv tiun 0.
e AUo pebodouc:

o __str__, mou gpdavilel ta otolyelo tou autokivitou. H péBodog _ str_ eival pla
el61kn HEBodo¢g (magic method) mou kaBopilel TNV avaTIAPACTOCN TOU QVILKEIUEVOU OF
popdn cupBolooelpdc. Ekteleital autopata otav kaAsitat n print() mavw oe éva
QVTLKE(HEVO.

o update_odometer(new_km), mou evnuePWVEL TA XIALOUETPA HE EAEYXO WOTE va UNV

ETUTPEMETAL Lelwon TNG TLUNG.

H g8k péBodog _ init_ pmopel va BewpnBel we évag KataokeuaoTrg (constructor) kat ekteAeital
autopata Otav Snuoupyeital €va VEO QVTIKEIMEVO TNG KAAONG. Xpnolgomoleitol yla tnv
apXLIKOTolNoN TWV XOPAKTNPLOTIKWY TOU OVTIKEWEVOU. H mapdauetpog self avadépetal oto idlo to

OVTLKELLEVO TTIOU SnULoUpYEiTaL KAl EMITPENEL TNV TPOoBacn ota dedopéva Kal oTig peBodoug tou.

Eval avTIKEIMEVO €lvol €vol OUYKEKPLUEVO OTLYLOTUTIo (instance) plag kAdong. Anpwoupyeital

KOAWVTAC TNV KAAON W¢ oUVAPTNON. 2ToV KWSIKA UE TNV EVTOAN:
a_car = Car ("Opel", "Corsa", 2024)

Snulovpyeital éva avtikeipevo tng kAdong Car, to omoio avatiBetal otn petaPAnty a_car. To
OVTIKE(PHEVO QUTO €XEL OUYKEKPLUEVEG TIUEG ylO TA XOPOKTNPLOTIKA Tou: pdapka "Opel", povtélo

"Corsa", £t0¢ 2024 kal apxikd 0 XIALOPETPOL.
H evtoAn:
print(a_car)

TMPOKaAEL EUpeca TNV KANON TNG __str__ yla TNV €UdAVLON TNG «KOTAOTAONG» TOU QAVIIKELUEVOU,

EVW N KAAoN:

a_car.update odometer (1000)

EVNUEPWVEL TNV ECWTEPLKI KATAOTOON TOU QVTIKELUEVOU. OTav emiyelpeitol:
a_car.update_ odometer (900)

n néBodoc amoppintel tnv allayr], SloTnPWVTAG TN CUVETELA Twv Sedopévwy. H Asttoupyia tng

puebodou update_odometer amoteAel mapddelypo evBuldkwong (encapsulation) kat amokpung
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nAnpodopiag (information hiding), kaBwg ta deSopéva Tou avTIKELPUEVOU (TT.X. N TN Tou odometer)
Sev tpomomololvtal Apeca amd eEWTEPIKO KWOLKA, OAAQ POVO HEOW EAEYXOUEVWVY HEBOSWV TNG
kAaong, oL omoieg emPANAOUV KOVOVEG Kal SLaapaAilouv Tn CUVETELD TNG ECWTEPLKNG KATAOTACNG

TOU QVTLKELEVOU.

Jtnv €€060 E. 7 mapouclAETAL TO OMOTEAECHA TNG EKTEAECNC TOU KWOLKA GUVOALKAL.

class Car:
def init (self, make, model, year):

self. = make
self. = model
self. = year
self. =0

def str (self):
return f"Autoxivnrto updpkroag {self. }, poviédou {self. I,
¢Toug {self. } ue {self. } xtALtduetpo. "

def update odometer(self, new km):
print(f"To autoxkivnto éxeL {self. } xtALtduetpa. Emixelpeltot
va aAAr&fouv oe {new km}.")
if new km > self. 3
self. = new_km
else:
print("Aesv emitpénetal va yuploouv nmiocw to yxLAtduetpa.")

a_car = Car("Opel", "Corsa", 2024)
print(a_car)

a_car. (1000)
print(a_car)
a_car. (900)

print(a_car)
K. 1.8.2 — Eva eloaywyLko mopaSeLyUa AVTIKELUEVOOTPAQOUG TIPOYPAUUATIONOU: N kKAdan Car KoL TO aVTIKEIUEVO a_car.

Avutoxivnto pdpxrag Opel, poviéArou Corsa, €toucg 2024 pe 0 xLALduetTpa.

To autokivnto éxel 0 XLALdpetpa. Enixelpelital va add&fouv oce 1000.
Autokivnto pdprac Opel, poviéAdou Corsa, €toucg 2024 pe 1000 xLALdpetpa.
To autokivnto éxet 1000 xLAiLdpetpa. Emixetlpeltal va oadd&fouv ce 900.
Aev emLTIPéneTal Vo yuploouv miocw ta XLALdpeTpa.

Autoxivnto pdpxag Opel, poviérou Corsa, €étoucg 2024 pe 1000 xLALdueTpo.

E. 7 —Eéoboc¢ mou Snutoupyeital katd tnv ektéAean tou kwdika K. 1.8.2

1.8.2. KAnpovoukotnta
H KANPOVOULKOTNTA ETILTPEMEL TOV OPLOUO pLag vEag KAGong pe Baon pla ndn umdpyxouvoa. H véa
kA&on (umokAdon — subclass) KAnpovopel Ta XapakTnpLoTIKA Kat TI¢ HeBddoug TG apXLknC KAAGNG

(umepkAdon — superclass), emekteivovtag  e€eldikevovtog tn cupnepldopad te.

Ytov kwdika K. 1.8.3 mapouotaletal £va mapddelypa kAnpovoulkotntag pe SU0 KAAOELS, TNV

umepkAdon BankAccount kat thv umokAdon SavingsAccount. H kA&on BankAccount opiletl ta Baoikd
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XQPOKTNPLOTIKA €VOC TPATMe(lkoU Aoyaplacpol, SnAadry tov KAtoxo (owner) Kal TO UTOAOLTO
(balance). H kAaon SavingsAccount SnAwvetal wg umokAdon tng BankAccount, yeyovog mou
onuaivel OtL kKAnpovopei OAo TA XOPAKTNPLOTIKA TNG UTMEPKAAONG Xwplc va xpeldletal va ta
enavanpooSloploel. ITOV KOTOOKEUAOTA TNG UMOKAAONG XPNOLUOTOLElTaL n ouvaptnon super(),
WoTe va KANBEL 0 KATAOKEUAOTAG TNG UTIEPKAGONG KOL VO alpXLKOTIOLNBOUV TO KOWVA XOPOKTNPLOTIKA.
EruutAéov, n SavingsAccount emektelvel Tn BaoLKr AELTOUPYLKOTNTA MPOCHETOVTAG TO XOPOKTNPLOTLKO
interest_rate kal tn péBodo apply_interest(), n omoia umoAoyilel kol MPOCBETEL TOUG TOKOUG OTO
UTIOAOUTTO TOU Aoyaplacpou. Me Tov TPOmo autod, n uTokAdon €eldilkelel tn ocuumneplpopd NG

UTLEPKAAONG, UAOTIOLWVTOG Evav £LOLKO TUTIO TPAME{IKOU Aoyaplacpol Tou UTtootnpilel OVATOKLOUO.

class BankAccount:
def init (self, owner, balance=0):
self. = owner
self. = balance

class SavingsAccount (BankAccount) :
def init (self, owner, balance=0, interest rate=0):
super () . (owner, balance)
self. = interest rate

def apply interest (self):

self. += self. * self.
savings = SavingsAccount ("I't&vvng INoanoaddémouroc"”, 3000, 0.05)
print (f"Apx1xkd uvndiolmo: {savings. :.2f} eupa")

for i in range(5):

savings. ()

print(f"Met& oand tnv {i+l}n eoappoyrn ToOKWV: {savings. 3 o 21 )i
eupd")
print(f"TeA1xkd uvndroLno: {savings. :.2f} egupd")

K. 1.8.3 — [Mapadetyuo KAnpovouLKOTNTAG.

AkoAouBel otnv £€060 E. 8 To amotéAeopa tnG EKTEAECNC TOU KWELKAL.

Apx1xd undioimo: 3000.00 eupd

Met& and tnv 1n eoappoyn Tékwv: 3150.00 eupd
Met& and tnv 2n eeappoyln toOxkwv: 3307.50 cupd
Met& and tnv 3n epapupoyl ToOkwv: 3472.88 cupd
Met& and tnv 4n epapupoyln ToOkwvV: 3646.52 cupd
Met& and tnv 5n eoappoyn Tékwv: 3828.84 gupd
TeALlkd vundioilno: 3828.84 eupd

E. 8 — AnotéAeoua ektédeonc kwdika K. 1.8.3.

1.8.3. ToAupopdlopog

O moAuvpopdlopog (polymorphism) otov avilkelpevootpadr MPOYPAUUATIONO eivol n dldtnta
ocUUdwva pPe TNV omoia SLadOoPETIKA AVTIKEIMEVA UITopoUV va amovtolv oto 6o pAvupa (dnAadn

otnv 6L KAnon puebodou) pe SladopeTikod, KATAAANAO yLa AUTA TPOTO. ZTNV MPAEN AUTO onpaivel

60




OTL 0 (6log kwdikag, pmopel va ektelel Sladopetiky cupmepldopd ovaloya HE TOV TUTO TOU

OVTLKELUEVOU OTO ormoio edpapuoletal.

Jtov kwdika XXX mapouoialetal €va mapadelypa moAupopdpLopol amnd Tov Xwpo Twv video games.
Opiletal n unepkAaon Character, n onoila nephaupavel tn pébodo attack(). H pebodog autr dev
vAomolel ouykekplUévn cupnepldopd, ald BETeL TV amaitnon va vAomotnBsl (va yivel override)
amo TG UTokAdoelg. Ou kAaoelg Warrior kot Archer kAnpovopoUv amo tnv Character kal
enavanpooblopilouv (umepkaAumTouv) tn pEBodo attack() pe SLOPOPETIKO TPOTO: O TOAEULOTAC
emutibetal pe onabi, evw o tofotng pe BEAog. H ouvaptnon play turn() &éxetal pla Alota amod
avtikelpeva tuomou Character kot kaAel yia kaBéva tn péBodo attack() xwpig va xpelaletal va
yvwpilel tov akplpr tUmo tou avrtikeévou. Mapdtt n kKAnon eival (Swa (character.attack()), n
cupumnepLPopd Tou eKTeAEITAL €EAPTATAL ATIO TO TPAYHOATIKO OVTIKEIUEVO (TOAEULOTAC R TOEOTNG).
Onwc ¢aivetal otnv £€060 E. 9, otov blo «yUupo malxvidol» epdavifovial dvo Stadpopetikd
punvupata eniBeong, eixvovtag otL n dla diemadn (intreface) odnyet og dtadopetikr e€elSikeUpEVn
cupumneplpopa.

class Character:

def init (self, name, health=100):

self. = name
self. = health

def attack(self):
# Boolkh pébodog mou avapéveTtoal vo unepkoAuebel (override)
raise NotImplementedError (
"H pébodoc attack mpémel va vlomolndel oTlLg umokA&oelg."

)

class Warrior (Character) :
def attack(self):
print(f" {self. } emitiBetal pe onabl koL mpokoAel 15 povédecg
¢nutac!™)

class Archer (Character):
def attack(self):
print(f" {self. } plxvelr éva Béroc kol mpokoAel 12 povédecg
(npiég!™)

def play turn(characters):
print("== I'Gpoc maLxvidLog =="
for character in characters:
character. ()

herol Warrior ("Valkar™)
hero2 = Archer("Sylvaris")
party [herol, hero2]
play turn(party)

K. 1.8.4 — Mapadetyua moAvuoppiouou.
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== TUpo¢ maLXVvLIdLoU ==
Valkar emitifetal pe onabl kot mpoxrodel 15 povadeg (nuiécg!
Sylvaris pixvel éva Bélog xoal mpokoiel 12 povddec (nuidc!

E. 9 — AnotéAeoua ektédeonc kwdika K. 1.8.4.

Apxela
Kata tnv ektélean evog poypappaTog, Ta deSopéva amobnkelovial TPocwPLVA oTnV KUPLOL VAN
Tou umoAoylotr, dnAadn otn pvAun RAM. H RAM eilvol MTNTIKA HUVAWN, TIOU ohuaivel OTL TO
TLEPLEXOUEVO TNG XAveTaLl POALG Slakomel n tpododooia pelpatoc. EMOUEVWG, AV ATTALTETAL HOVLIUN
amoBnkevon O6ebopévwv TOTE TPEMEL va amoBnkeutoUv o©f KAToOlo WPECO OeutePelOUCOC
amoBnkeuonc. Auto emituyxavetal péow opxeiwv (files), Ta omola ypddovral oe amoBnKeuTiKA
pHEoa Omw¢ oe okAnpouc diokoug (HDD - Hard Disk Drives), oe 6iokoug otepedg kataotaong (SSD -
Solid State Drives), oe omtikoU¢ Slokoucg (CD - Compact Discs) kal oe GAAo péoa amoBrikeuong .
ErumAéov, Ta apxela opyavwvovtal oe LepapxlkéG Sopég dpakélwv (directories), emtpénoviag tnv

gUKoAn MpooPBacn ota Sedopéva.

H Slaxeiplon evog apxeiov oe éva mpoypappa akoAouBel cuyKekplpevn Sladikaoia: apylkd to
opxelo mpénel va avowxBel (open), kobopilovtag tov TpoOmo mpocPoocng, SnAadn av Ba
npaypatonown®el avayvwon (read), esyypadn (write) n mpooBbnkn bdedopévwv (append). Itn
OUVEXELXL €eKTEAOUVTAL Ol eMBUUNTEG evépyeleg emefepyaciog, OnMwe avayvwon, syypodn n
tpomnornoinon Sedopévwy. TéENOG, To apyeio mpénel va kAeioel (close), wote va aneleuBepwBouv oL

TOPOL TOU cUCTAUOTOG Kol va Stacdallotel otL ta Sedopéva €xouv anobnkeutel cwoTtd.

1.9.1. Apxela kelévou

Ta apxela kelpévou (text files) amoteAouv tov anmlovaotepo kat o dtadedopévo TUTo apxeiwv. To
TEPLEXOUEVO TOUG €lval avayvwaolpo amod Tov avBpwro Kal propei va mpoPAndel ) va emefepyaotel
pe évav amAo enefepyaoth Kelpévou, omwe to Notepad, to Notepad++, To VS Code f omolodrmote
ovtiotolyo epyoheio. Ta Sedopéva oe évo apyeio Kelpévou amobnksvovial w¢ akolouBieg
XOPAKTAPWY, ouVABWC e KamoLa kwdikomoinon (onwg UTF-8), yeyovog mou ta KaBLotd eUKoAa ot

petadopd kat otnv aviaAlayn HETOEY SL0POPETIKWY CUOTNUATWV.

Juvnbwg to apyxeia Kelwévou £xouv emMEKTOONn .txt, wotoco moA\ol TUMoL apxsiwv ToU
XPNOLUOTIOOUVTAL OTOV TIPOYPOUUATIONO Kal otnv ovdAuon Oedopévwv eival emiong apyeia
KELUEVOU, TTAPOTL €xouv SladopeTikr enéktaon. Mapadeiypota amotehouv ta apxeia CSV (Comma-
Separated Values) yla tnv amoBrikeuon Se6opévwv opyavwéVwY o€ OTAAEG TIHWY, To. XML kat JSON
yla Sopnuévn avamapaotacn &edopévwy, kabwg kot ta YAML opyxeio yia puBpicslg kot
napapetponoinon edappoywv. MNapolo mou n Sopn toug pmopsl va sival mo ocuvOetn amd éva

QTAO .txt, TO MEPLEXOUEVO TOUC TIAPAPEVEL AVAYVWOLLO Kal eMe€epydoilo we Kelpevo. EmutAéoy, ta
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apxela mnyaiou kwdka (source code) o€ OAEC TIC YAWOOEC TPOYPAUUATIONOU,
ouunephapPavopévng tng Python, eival emiong apyeia kelpévou. MNa mapdSelypa, tTa apyeia pe

EMEKTAON .PY TIEPLEXOUV EVTOAEG KL OpLOUOUG 0€ popdr amAol KeLUEVOU.

1.9.1.1 Avowua apxeiou kaL avayvwar TEPLEXOUEVWY

To avolypa evog apxeiou mpaypatonoleital péow TNG ouvaptnong open(), n omoia S&xetal wg
TPWTO Oplopa To ovopa (f tn dtadpoun) Tou apxeiou Kal w¢ SeUTEPO OPLOMA TNV KATACTAON
Aeltoupyiag (mode). H kAfnon tng ouvaptnong €motpEdel €vol OVTIKEIUEVO OpPYEIOL, HECW TOU
omolou pmopouv va Swafactolv f va eyypadolv dedopéva. MNa mapadewypa, n eviodn f =
open(<ovopa_apyeiou>, "r") avoiyel To apyeio oe Aettoupyia avayvwong. Av To apxeio ev umapyet
Kol emixelpnBet dvolypa pe "r", mpokaAeital oddaApa. Ebodcov avolyBel to apyeio, To dapfoaoua Tou

TEPLEXOUEVOU TOU Yivetal pe pebodouc onwg eival ot: read(), readline() i readlines().

310 Mapddelypa Tou KWdka K. 1.9.1, urotiBetat dtL umtdpxet éva apxeio lorem_ipsum.txt' otov (510
daKeo pe To MPAOYPOUHA. STOXOG Elval N KOTAUETPNON TWV GWVNEVIWY TIOU TIEPLEXEL TO Keipevo. MNa
va oupPel autd opiletal éva oUVOAO XOPOKTAPWY TIOU OvTLOTOLXEL ota dwvrevta (meld kot
kedalaia) kal évag petpntnc. To apxelo avoliyel oe Asttoupyia "r", Stapaletol To MePLEXOUEVO TOU
KOlL TpaypaTomnoleital emavaAnn yla kaBe xapaktripa Tou Kelpévou. EGv o XapoKTpag avrikeL 0To
oUVOAO TwV PWVNEVTWY, 0 HETPNTAC AUEAVETAL KATA éva. MeTd tnv oAokAnpwon tng ensgepyaaiag,

1o apyeio kAeivel pe tn nuEBobo close() kat epdaviletal To TEAKO AMOTEAEGHAL.

filename = "lorem ipsum.txt"
vowels = "aeiouAEIOU"
count = 0

f = open(filename, "r'")
for line in f. ():
for char in line:
if char in vowels:
count += 1

f. 0

print (f"IIANBoc owvnéviwv: {count}") # IIARBoc ewvnéviwv: 167
K. 1.9.1 — Avolyua apyeiou yla avayvwar).

H pntn kAnon tng close() otov kwdika K. 1.9.1 egvéxel tov kivéuvo va mapaleidBei i vo pnv
ekTeAeoTel og Tepintwon opAaAparoc. Na tov Adyo auTO, N MPOTELWVOEVN TIPAKTIKY €lval n xprnon
Tou Aeyouevou context manager pe tnv evtoAn with. H cuvtaén with open(filename, "r") as f:
e€aodalilel OTL To apxeio Ba kAelosl autopata HOALG oAokAnpwBel To avtiotolo UMAOK KwoLKA,

aKOUN Kol av pokUel e€aipeon Katd tnv ektéAecn. Me auTOv Tov TpOMO, TIou akoAouBeital atov

! To meplexdpevo tou apyeiou lorem_ipsum.txt uropet vo petadoptwdel and to https://www.lipsum.com/.
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kwoka K. 1.9.2, o Xelplopog Tou apyeiou yivetal mo acdalng, kal akoAouBeitol pla amo Tig

BéATioTeG POKTLKEG TNG Python.

filename = "lorem ipsum.txt"
vowels = "aeliouAEIOU"
count = 0

with open(filename, "r'") as f:
for line in f. ():
for char in line:
if char in vowels:
count += 1

print (f"IIAN6oc owvnéviwv: {count}") # IIARBoc owvnéviwv: 167
K. 1.9.2 — Avotlyua apyeiou ue context manager.

1.9.1.2 Eyypapn 6edousvwy o€ apxeio

H eyypadn dedopévwv os apyeio keywévou amoteAel Paoik Asttoupyla os TMOANEG edapUOYEC,
KOBWC eTUTPEMEL TNV ATOBNKEUGN QATIOTEAECOUATWY Yl UEAAOVTIKA Xpnon. Xto mopddelypa Tou
napouotaletal otov kwdika K. 1.9.3, o xpnotng KaAeltal va eLoayayel £vav BeTikd aképolo aplBuo
KoL To mpoypoppa uroloyilel tnv avtiotolyn akolouBia Collatz, amoBnkelovtag thv os apyeio
KELUEVOU HE Ovopoa out.txt, pio Tiun ava ypapun. H akolouBia Collatz mapdystal emavaAnmoka:
Eekva amo tov 600évta BeTIkO aképalo Kal, av o aplBuog sivat daptiog, Slalpeltal aképatla e To 2,
evw av elvol meputtdg, moMhamAaocialetal pe to 3 Kot mpootiBetal to 1. H Swadikacia
gnavaAappavetal péxpl va mpokUPEeL n tun 1. Apxikd, to mpoypappa Stapalel tnv elcodo tou
XPNOTN Kal EAEYXEL AV TIPOKELTOL TIPAYHOTL Yo BETIKO aképalo aplBud. O £éAeyxog mpaypaTomoleitat
ME xprion tng Lebodovu isdigit() kat pe emumAéov €Aeyxo OTL N aPLOUNTLKA T Elval peyoAUTEPN TOU
pundevog. Eav n eloobog bev elval €ykupn, epdaviletal pnvupa odAALATog Kot To Tpoypappa Sev
TMIPOXWPA O TEPALTEPW enefepyacia. e meplmtwon €ykupng €L0060U, N TN HETATPEMETAL OF
aKEpalo Kol avoiyel to apyelo out.txt o katdotaon eyypadng ("w"). H xprion tng katdotaong "w"
onpaivel otL av to apxeio dev umapyxel Ba SnuioupynBel, evw av umapxel Ba Slaypadel To
T(PONYOUEVO TIEPLEXOLLEVO TOU. To dvolypa yivetal péow tng with open("out.txt", "w") as f:, n omola
efaodalilel 0TLTO apxeio Oa kAelosl avtopata HOALG oAokANPwWOEL To UTTAOK EVTOAWV. € KAOe Brua
™¢ Stadikaciog mapaywyng tTng akoloubiag, n Tpéxouoa T Tou aplBuol ypadeTal oTo opXeio pe
™ péBodo write(), cuvodevodpevn amo xapoktipa oAdayng ypapunc (\n), wote kaBs aplBuog va

omoBnKeVETAL O€ EEXWPLOTY YPOLLLUN.

s = input("EiLc&yete évav 6e11xkd axképoto: ")
if not s. (). () or int(s) <= 0:
print ("Mn éyxupn ei{codoc.")
else:
n = int(s)

with open("out.txt", "w") as f:
while True:
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£. (£"{n}\n")
if n ==
break
if n & 2 ==
n //= 2
else:
n=3%n+1
print ("H axoloubla Collatz ypdetinke oto out.txt")
K. 1.9.3 — Eyypaupry aptSunTikwy TIUWY O APXELO KELUEVOU.

1.9.2. Apxela CSV

Ta apyeia CSV (Comma Separated Values) amotehoUv évav amnd Toug mio dlodedopévoug TPOMoUG
amnoBnkevong Sopnuévwy dedopévwy o popdn mivaka. NPOKeLTaL yla apyeio KELUEVOU oTa Omola
KAOE ypauun avTloTolel o pia eyypadn Kal ol TIHEG Twv mediwv dlaywpilovral cuvhBwE HeE KOUUA
(,), av kot pmopel va xpnolpomotnBel kat aA\og yoapoaktnpag Slaxwplopou, onweg to tab n to
EPWTNUATIKO (;). Zuxvd, aAAd Ol UTIOXPEWTLKA, N TPWTN YPOUUN TOU apxeiou TEPLEXEL TIG

eTukeaAideg Twv oTNAWY, SnAadn Ta ovOpaTA TWV PETABANTWV.

H &nuotikotnta twv apxeiwv CSV odeiletal otnv amAotnTd TOUG KoL Otn oxedov KoboAlkn
UTIOOTAPLEN TOUG amo AoyloTikd GpUAAa (6mwe to Excel), cuotrpata Baoswv SeSouévwy, OTATIOTIKA
TIAKETA KAl YAWOOEG TpoypappatiopoU. Eivat avayvwotpo and tov avepwro, petadépovtol EUKOAa
HeTaty SL1adOoPETIKWY CUCTNUATWY Kal §gv amattouv cUVOETn umtoSoun yla TV ensepyaacia Toug.
Jtnv Python, n avayvwon kot eyypadn apxeiwv CSV pmopet va yivel gite pe tn BLBALOONRKN pandas,
n omoia mapéxel uPnAol ermumESou AELTOUPYLEC, €ite pe TO evowpatwpévo module csv, To omoio

aVAKeL oTnV TUTIKN BLBALoOAKN Kal gival eAadpU Kot amoSoTIKO.

To module csv mpoodépel SUo PaolkolG TPOMOUG avayvwong evog apxeiou CSV: péow NG
ouvaptnong reader() kat péow tng DictReader(). H reader() emwotpédel kabBe ypauun wg Alota
TIHWY, SLaTnPWVTAG TN OEPA TwV oThAwyv Onwg epdavifovtal oto apxelo. AvtiBeta, n DictReader()
emoTpEdeL KAOe ypapupn wg Ae€ko (dictionary), 6mou ta KAELSLA €lval T OVOLOTA TwV OTNAWY, TIOU
Aappdvovtal and tnv mpwTn ypappn Tou apxsiou, Kat ot TIHEG eival ta avtiotolya dedopéva tng
gyypadnc. H mpoogyylon autn sival tSlaitepa ypriown otav eivol emBupnti n mpooBacn ota

Sebopéva pe Baon to dvopa g oTAANG Kat oxtL tn B€on tng.

210 Mapadelypa mou mapouolaletal otn cuvéxela dtapaletal Eva apxeio pe SeSopéva TLIWVY Yl TNV
peTOXN NG etolpeiag Google mou adopolv évo cUYKeEKPLUEVO XPOVIKO Sidotnua (Ewtkdva 8). Xtov
kwdwa K. 1.9.4, xpnowyoroleital n reader() yta tTnv avayvwon tou apxsiou Kot ta dla dedopéva
sudavifovral wg AloTeg, OMOU N MPWTN YPOUUN TEPLEXEL TIG eTKEDAAISEG KAl OL ETOUEVEG TIG
ovtioTtolyeg TIHEG. Avtiotolya otov kwdika K. 1.9.5, xpnotpomoteital n  DictReader(), ywo tnv
ovayvwaon Tou apxelou kat kaBe syypadn eudaviletoal wg As€ikd pe media 6mwe Date, Open, High,

Low, Close kat Volume. Kot otig 8Uo mpooeyyioelg Stopfdlovral Kal ektunwvovtal pévo ot Suo
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MPWTECG YPAUMUEG Twy Sedopévwy. H €€odog yla tnv mepintwon tng reader() mapouclaletal otnv
£€€060 E. 10 kat yla tnVv nepintwon ¢ DictReader mapoucoialetat otnv £€0do E. 11. H katavonaon
QUTWV TWV SU0 TPOOEYYIOCEWVY ETUTPEMEL TNV EMIAOYN TNG KATAANANG peBOSou avaloya HE TIG
OVAYKEG TOU TPOoPANUATOC. € amAEG MEPUTTWOELG, N reader() gival emapkig Kal TaxUTEPN, EVW OTAV
amatteitat e0koAn mpodoPacn ota Sedopéva ava oOvopa otnAng, n DictReader() mpoodépet

peyaAUtepn gueli€ia.

B Google_Stock_Train (2010-2022).csv > (3 data

1 Date,Open,High,Low,Close,Ad]j Close,Volume
2010-01-04,15.689439,15.753504,15.621622,15.684434,15.684434 , 78169752
2016-01-85,15.695195,15.711712,15.5540854,15.615365,15.615365, 120067812
2016-01-86,15.662162,15.662162,15.174174,15.221722,15.221722,158988852
2010-01-87,15.250250,15.265265,14.831081,14.867367,14.867367,256315428
Ewkova 8 — Apyeio CSVZ,ue TIUEG TNG UETOXNG TNG eTalpeiag Google yia éva xpoviko Staotnua.

(%) QN A T I 8 ]

import csv

fn = "Google Stock Train (2010-2022) .csv"
with open(fn, newline='"', encoding="utf-8") as f:
reader = csv.reader(f)
for i, row in enumerate (reader):
print (row)
if i >= 2:
break
K. 1.9.4 — Avayvwan Sebouévwv amo apyeio CSV ue tn uédodo reader().

['Date', 'Open', 'High', 'Low', 'Close', 'Adj Close', 'Volume']

['2010-01-04", '15.689439", '15.753504", '15.621622", '15.684434",
'15.684434"', '78169752"]
['2010-01-05", '15.695195", '15.711712", '15.554054", '15.615365",

'15.615365', '120067812"']
E. 10 — AtotéAeoua ektéAeanc avayvwong apyeiou CSV ue tn ugédodo reader().

import csv

fn = "Google Stock Train (2010-2022) .csv"
with open(fn, newline="", encoding="utf-8") as f:
reader = csv.DictReader(f)

for i, row in enumerate (reader):
print (row)
if i >= 1:
break
K. 1.9.5 — Avayvwon bedouévwy anod apyeio CSV ue tn uédodo DictReader().

? To apyeio CSV pnopel va petadoptwdei and to https://www.kaggle.com/datasets/alirezajavid1999/google-
stock-2010-2023.
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{'Date': '2010-01-04', 'Open': '15.689439', 'High': '15.753504', 'Low':

'15.621622', 'Close': '15.684434', 'Adj Close': '15.684434', 'Volume':
'78169752"}

{'Date': '2010-01-05', 'Open': '15.695195', 'High': '15.711712', 'Low':
'15.554054', 'Close': '15.615365', 'Adj Close': '15.615365', 'Volume':

'120067812"}
E. 11 — AntotéAeoua ektéAeanc avayvwong apyeiou CSV ue tn ugedodo DictReader ().

1.9.3. Apxeia Excel

Ta apyxela Excel amoteholv €vav amd toug mio Sladedopévoug TPOTOUG amobrKeuong Kot
Staxeiplong Sounuévwy dedopévwyv. To Microsoft Excel mapapével dlaitepa dnuodAég xapn otnv
gukoAla xpnong, T Suvatotnteg HopdOomoinong, TOUC EVOWUATWHUEVOUC UTIOAOYLOMOUG Kal Ta
gpyaAeia  omrtikomoinong Tmou  mapéxel. Qotoco, OTtav  AmAlTE(TAL  auTopaTomoinon
gnavalappavopevwy epyaciwv 1 enefepyaocio peyalou oykou S6eSouévwy, n Python mpoodépel
ONUOVTLIKA TTAEOVEKTHOTA, EMLTPEMOVTOC TOV GUVSUACHO TG LoXVOG TPOYPOUUATIONOU He Th Soun

Twv apyeiwv Excel.

H avdayvwon kat n eyypadn dedopévwy oe apyeia Excel pmopel va mpayuatomnotnBel eukoAa pe TN
BLBA0BNKN pandas, n omola mapéxel ouvoptnosl onwg read_excel() kot to_excel() yw Tt
petatponr Twv LAWY gpyaciag oe aviikeipeva DataFrame. H mpoogyylon autn sival Wblaitepa
KOTAANAN ylo epyaocieg avaluong 6edopévwy, KoOWC EMITPEMEL APECN EVOWUATWON TWV
6e60UEVWV O UTIOAOYLOTIKA KOL OTOTLOTIKA HOVTEAQ. EVOAAQKTIKA, ylol XELPLOUO apXelwv TUMou
Xlsx, pmopet va xpnowomnoinBei n s€wtepwkn PBLBALoORKN openpyxl. H BPAoOAkn auth eival
ehadpld kot e€elSikeupévn yla avayvwon, syypadn kol Tpomomnoinon apxeiwv Excel (nopdn Excel
2010 kot petayevéotepn). Anattel eykatdotoon péow pip, Ue Thv evtoAn pip install openpyxl, aAAd
Sev mpolmoBetel va eival eykateotnuévo to 6lo To Excel oto clUotnuo. Ta Baoikd BApato
XEPLOHOU evog apxelou Excel pe tnv openpyxl mepthappavouv: (1) ddptwon evog apxeiou .xIsx, to
omnolo otnv opoloyia tou Excel ovoualetatl workbook, (2) mpooBacn oe €va ocuykekplpévo dpUAAO
(sheet) tou workbook, (3) avayvwon, syypadn n tpomomnoinon emuépous kehwv (cells) kat (4)
anoBrkevon tTwv aAlaywv oto apxeio. H dladikaoia auth erutpenel akplpr €Aeyxo Tng SOUNG Kot
TOU TIEPLEXOMEVOU TOU apXElou, KaBLoTwvtag duvarth TNV AUTOUATOTNOINCN TIOAUTTAOKWY EPYOCLWY,

OTWG N dnpoupyia avadopwy f N EVNUEPWON TILVAKWYV e VEa SeSopéva.

210 mapadelypa mou nopouctaletal otov kwdika K. 1.9.6 apylkd mpaypatomnoleital n ¢opTwaon Tou
apxelou orders.xlsx (Eikova 9) w¢ avrikeipevo workbook kal otn cuvéxela yivetal mpocBoacn oto
dUANO pe ovopa «Orders». Emetta, mapouolalovial Backég Aettoupyieg avayvwong dedopévwy:
EKTUTIWVETAL N TIPWTIN YPOUUN Tou ¢UANOU ToU TepLEXEL TIG eTIKEPAAISEC Twv oTnAWv Ko

OVOKTWVTAL TIHEC amd Ta KEALA TG SeUTEPNG KAl TNG TPITNG YPAUMNG, OL OTIOLEG AVTLOTOLXOUV Of
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otolxela plag mapayyeAiag. Itn GUVEXELX, TIPAYUATOTOLE(TAL gyypadn VEwWV SeS0UEVWY HE TNV
TPOOONKN HLAG VEAG TIOPAYYEALOC OTNV TETAPTN YPOUUN, KABWC Kal n Tpomomnoinon undpxouoag
TIUAG LE TNV EVNUEPWOH TNG TOCOTNTAG KLaG NON KaTaxwpeLopevNng apayyeAiag. TEAOG, ol aAlayEg
amoBnkelovrtal os véo apxeio (orders_updated.xlsx), omwg daivetal otnv Ewova 10, dtatnpwvtag

TO aApyLKO apxeio apetaBAnto.

from openpyxl import load workbook

# 1. dbptwon apyeliou Excel (Workbook)

wb = load workbook("orders.xlsx")

# 2. MpbdoRaocn ce ©UAAO (Sheet)

sheet = wb["Orders"]

# 3a. Av&yvoon KeALOV

print ("IpdTn oelp& ToUu @UAAOU:")

for cell in sheet[1l]: # 1n vpoppn (header)
print(cell.value, end="\t")

print("\n")

# 3b. AvAYVWON OUYKEKPLPEVOV KEALQOV

order id = sheet["AZ"]. lue

product = sheet["B2"].

quantity = sheet["C2"].value

print(f"Order ID: {order id}, Product: {product}, Quantity: {quantity}")

# 3c. Eyypopn oe reXld&

sheet["A4"] 102 # ApLbudg nopayyerlioag

sheet ["B4"] "ZAXAPH 1 KIAO" # TIpoidv

sheet ["C4"] 1 # ToodtnT™

# 3d. Evnuépwon keAlLoU

sheet["C2"] = quantity + 2 # aUfnon noocdétnrtoacg nopayyeAioag

# 4. AmoOnKeuUon OAAXYOV

wb.save("orders updated.xlsx")

print ("OL oAAayéc amobnkeUInxav oto 'orders updated.xlsx'.")

K. 1.9.6 — Avayvwon apyeiou excel ue Sedouéva mapayyeAiwv kat Snutovpyia véou apyeiou excel.

G Avtopomn amoBrjkeuan (. J H ) l ~ orders.... '

Apyeio Kevipiki  Ewoywyn  Ixgélo  Awdroén oehidog

F15 v i S~
_ A B C D
T |ApBpoéc mapayyediac Mpoidv Mogétnta
2 101 TAAA 1 AITPO 2
3 101 ZOKOAATA 250TP 1

Ewkova 9 — Apxelo excel aro to omolo yivetal n avayvwaon S€60UEVWV.
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G Avtdpen amo8hiksuan '::_' _::' El = orders_updated....

Apxeio  Kevtpwkri  Ewooywyry  Ixedlo  AwdroEn oghidag — Tumol
F15 v i fx
| A B C D E
1 |ApBpogmapayyehiag Mpoidv Mogdtnta
2 101 TAAA L AITPO 4
3 101 ZOKOAATA 250IP 1
4 102 ZAXAPH 1KIAO 1

Ewova 10 — Apyeio excel mou mapayetal kata TNV ektéAgon tou kwdika K. 1.9.6.

Bdoelg Sedopévwy
OL Xxeolakéc Baoelg Asdopévwv amotedouv To TAEoV S10dedopévo HOVTEAD OpyAvwaoNnG Kal
Staxelplong dopnuévwv dedopévwy. Emitpémouv tnv opyavwpévn amobnkeuon TAnpodopLwy,
KOOWGE KoL TN ypriyopn avaktnon Kal EVAUEPWOT) TOUC, AKOUN Kal OTAV TIPOKELTAL yLol LEyOAa cUVOAQ
S6ebopévwy. Ito oxeolakd pHoviého, Ta Sedouéva amobnkelovtal os Tivakeg (tables), omou kabe
Tiivakog €xel Slokpltd ovopo Kol amoteAsital amnod nedia (otnAeg) kot eyypadéc (ypappeg). Kabe
niivakog meplthappavel éva medio ) évav ocuvduacuo mediwv mou opiletal w¢ mpwtelov KAeldi
(primary key), to omoio avayvwpilel povadikd kabe eyypadr. H Umapén mpwrtelvoviog KAsLSL0U
Slaodalilel T povadikotnTa Kol TNV akepoldtnta twv Ssdopévwv. MapdAAnAa, oL Tivakeg
propoUV va cuoxetilovtal HeTafl Toug HEow EEvwy KAelSlwy (foreign keys). Eva €évo kAelSL sival
£va mebio evog mivaka mou avadEpetal oto mpwtevov KAELSL evog AAAou Ttivaka, emLTpENovTag Th

Snuloupyia ox€oswv Kal TN SLatrpnon CUVENELOG LETAED TwV SESOUEVWV.

H OSlaxeiplon twv oxeolakwv Pdoswv Sedopévwv TpoypaTomnoleitol HéEow TNG yAwooag SQL
(Structured Query Language), n omoia amoteAel MPOTUTIN YAWOOO E€PWINUATWY Yl OXECLAKA
ocuotiuarta. H SQL xpnolpomoleitol upéwg amd oAa ta Snuodhn Tuotripota Alaxeiplong Bacswv
Agdopévwy, onwg Oracle, Microsoft SQL Server, IBM DB2, PostgreSQL, MySQL, MariaDB, DuckDB kot
SQlite. Méow tng SQL mapéxetal n Suvatotnta dnpoupyiag kat dtaypadng Bacswv SeSopévwy Kot
TIWVAKWY, ELCOYWYNG KAl EVNUEPWONG deSOUEVWY, KABWG KAl avAKTNoNG MANPodopLWY HE aTAd N
oUVOETA EpWTAUATA TIOU WMOPEL va TepAapBAavouv ouVOEDELS (joins) PETAEU TOAAWVY TIVAKWV.
ErutAéov, n SQL emutpénel tn dlaxeiplon xpnotwy Kol TRV amodoon f tThv avakAnon SIKALWUATWY
npooBaong, otolxelo Kpioo yla TNV aohAAela Kol TOV EAEYXO TwV OESOUEVWV OE OpyOVWHEVA

mAnpodoplakad cuotnpata. O Mivakag 4 mepleExel pia cuvodn onUaviikwy evioAwv SQL.

EVTOA£g

Zovragn (yevikn)

Napadelypa

Anpoupyia Baong

CREATE DATABASE o6vouo;

CREATE DATABASE SchoolDB;

Awaypadn Baong

DROP DATABASE o6vouo;

DROP DATABASE SchoolDB;

Anpoupyia

CREATE TABLE
(othAnl tUmog,

Svouo_mivaxa
othAn2 tU0mog,

CREATE TABLE Students
INT, Name VARCHAR(50),

(ID
Age
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Mivaka cea)d INT) ;

Awaypadn Nivake | DROP TABLE ovouo_mivoxa; DROP TABLE Students;

Tpomomnoinon ALTER TABLE 6vouo_mivaxa | ALTER TABLE  Students ADD

Mivako EVIOAN; Email VARCHAR (100);

Elcaywyn INSERT INTO ni{vakag | INSERT INTO Students (ID,

Eyypodnc (othreg...) VALUES | Name, Age) VALUES (1,
(tipég...); 'Maria', 20);

Alaypad)r'] DELETE FROM Tivoakag WHERE | DELETE FROM Students WHERE

Evvpadng oUvenxn; ID = 1;

Evnuépwon UPDATE nivaxkac SET otAAn = | UPDATE Students SET Age = 21

Eyyvpadng Tipun WHERE oOuvenkn; WHERE Name = 'Maria';

Emtidoyn SELECT otfhAeg¢ FROM mivoaxog | SELECT Name, Age FROM

Asdopévwv WHERE ouvOnkn; Students WHERE Age > 18;

Av('xegor] GRANT OLKALOUATO ON | GRANT SELECT, INSERT ON

AKQUWHATWY péon/mivaxog TO | SchoolDB. * TO
'xphotng'@'host'; 'student user'@'localhost';

Mivakag 4 — OpLoUEVEG ONUAVTIKEG EVTOAEG SQL.

1.10.1. Sqlite

H SQLite amotelel éva ehadpu (lightweight) ZUotnua Aloxeiplong 2xeolakwv Baoewv Asdopévwy, To
orolo €xeL oxeblaotel e €udaon otnv anmAdtnta kot tn dopntotnta. To péyebog tng BLBALOOAKNG
NG eivatl Ukpo (ouvnBwg Hikpotepo and 1MB), yeyovog mou tnv kabilotd tdlaitepa KataAAnAn yla
£papUOYEG UE TIEPLOPLOUEVOUC TIOPOUC. Z€ avtiBeon pe ala cuotriuata Bacswv dedopévwy mou
Aeltoupyolv w¢ EexwpLoTEG unnpeoieg (server-based), n SQLite 6ev dnuloupyel véa Siepyaocia yia
TNV €KTEAECN TWV AELTOUPYLWV TNG. Ekteleital péoa otnv iSla Siepyaaia (process) Pe tnv epopuoyn
TIOU TN XPNOLUOToLel, VAoTolwvTag €va ovtého “serverless” apyltektovikng. H Bdaon dedopévwv
amoBnkeveTal o éva kol HOvo apyelo, to omolo pmopel eUkoAa va petacdepBel petaly
SlopopeTikWV AElTOUPYLIKWY cuoTnUatwy, onwg Windows, Linux i Android, xwpig avaykn £l8L1kAg
gykataotaong N mapapetpornoinong. H SQlite sival Siaitepa Stadedouévn oe sdapuoyég yla
KWvNTEG ouokeugg (Android, i0S) kal os evowpatwpéva (embedded) cuotiuata, kaOwg amattsl
undevikée pubuioelc (zero configuration) yia va Asttoupynoet. Mapd tov eAadpl xapakTipa tng,
UTooTNPLleEL TPOXWPNUEVO XAPAKTNPLOTIKA OXeClakwV Pdoswv Sedopévwy, Omwg transactions,

triggers, indexes kal views, dtatnpwvtag vPnAn TaxvTnTa KoL alomiotia.

1.10.1.1 TMapadeiyua e tnv sqlite

YTnv evotnta auth mapouotdletal n dtadikaoia mpocBacng kat Staxeiptong plog Baong dedopévwy
SQlite péow tng Python, aflomowwvtag to evowpatwpévo module sglite3. H mopouciaon
opyavwvetal ot mévie OSwadoxikd PApata mou avodelkvOouv TS PaokEC  Asltoupyleg

oAANnAemtidpaonc petafl epappoyng kot Baong Sedopévwy.
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Apxk@, otov kwdika K. 1.10.1, dnuloupyeitatl n Baon Sedopévwy pe olvbeon oe éva apyeio (m.x.
school.db) péow tng evtoAng sqglite3.connect(). Eddoov 10 apyeio dev umdpxel, n SQlite to

Snuoupyel autopara.

import sqglite3

conn = sqglite3. ("school.db")
print ("H B&on Acdopévev dnuioupyndnke kol ocuvdédnke.")
conn. ()

K. 1.10.1 — Anuioupyia tng Baonc dedousvwy.

21N ouvéxela, otov kwdika K. 1.10.2, Snuioupyolvtal ot mivakeg STUDENTS kat GRADES. O mivakag
STUDENTS mepthappavel to mpwtelov kAeldi (id) kal to dvopa tou doltntr, evw o mivakag GRADES
niepthappavel to S1ko Tou mpwtevov KAeldi (id) kat éva Eévo kAeldi (student_id) mou avadEpetal oto
id tou mivaka STUDENTS, onw¢ daivetal otnv Ewkdva 11. Me autdv tov TpoOmo uAormoleital n
OUOYETLON TWV SU0 TIWVAKWY PEow EEvou KAELSLoU, Slaodaiilovtag Tn OXECLOKN QAKEPALOTNTA TWV

SeSopévwv.

import sqglite3

conn = sqglite3. ("school.db")
cursor = conn. ()

cursor. (

)

cursor. (

)

conn. ()

conn. ()

print("OL nmivoxeg STUDENTS xal GRADES dnutLoupynénxov.")
K. 1.10.2 — Anuioupyia ivakwy tne Baong Sedougvwy kat tng cUCKETLONG UETAEU TOUG.
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= GRADES
123 id
125 student_id
AZ course_id o

125 grade

125 id

AL name

Ewova 11 — H ouoyétion avausoa otov rtivake STUDENTS kat otov rtivakoa GRADES.

AkoAoUBw¢, otov kwdika K. 1.10.3, mpayuoatonoleital eloaywyr eyypadwv pe evioAég INSERT INTO.
Eloayetal évag dpottntig otov mivaka STUDENTS kat ol avtiotolxeg Babuoloyieg tou otov mivaka
GRADES. H xprion mapopétpwy (?) oTa epWTAUATA EMLTPETEL TNV €KTEAEON evioAwv SQL pe tnv
gmBuuntn Satinwon. To amotédecpa TG ewoaywyng Twv eyypadwv otn Pacn Sedopévwy

dalvetal otnv Ewkova 12.

import sqglite3

conn = sqglite3.connect("school.db")
cursor = conn.cursor()
cursor.execute("INSERT INTO STUDENTS (name) VALUES (2)", ("Avtavnc",))
cursor.execute (
"INSERT INTO GRADES (student id, course id, grade) VALUES (?, 2, ?)",
(1, "csio01", 95),

)

cursor.execute (
"INSERT INTO GRADES (student id, course id, grade) VALUES (?, 2, ?)",
(1, "Cs102", 88),

)

conn.commit ()

conn.close()

print("EiLonxbnoov eyypaeéc otoug mivaxkeg STUDENTS kol GRADES.")

K. 1.10.3 — Etloaywyn eyypapwv otou¢ U0 TTIVAKEC.

FE STUDENTS z: Enter a SQL expressi FH GRADES zz Enter a SQL expression to filter results (use Ctrl+Space)

= @|123<°id ™ |AZpame ¥ =z @|123<id ¥ |1238gtudent_jd ¥ |AZcourse_id ¥ |123grade

o o

el 1 | Avtaung m|a 1 |1 CS101 95
— 7 2 1 Cs102 88

ETKéVC( 12 — Ot tivakeg STUDENTS kat GRADES UETA TNV ELCAYWYN EYYPAPWV.

‘Emetta, otov Kwdika K. 1.10.4, mpayuatomnoleital n evnuépwon syypadnc pe evtoAry UPDATE, 6mou
tpornornoleital n Badpoloyia evog pottntA ya éva pabnua, Baocsl pog ouvOnkne oto WHERE mou
ouvSualel to student_id kat to course_id. H aAAhayr oplotikomoleital pe tnv evioAr] commit() kot to
anotéAeopd tng daivetal otny elkova Ewova 13.

import sglite3

conn = sqglite3.connect("school.db")
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cursor = conn. ()
cursor. (

(97, 1, "csi01"),
)
conn. ()
conn. ()

print ("H evypaoern Rabuoloyiog evnuepddnke.™)

K. 1.10.4 — Evnuépwon gyypang otov mivako GRADES.

FA GRADES |4

= ®[1232id = |123%student_id ~ | AZcourse_id ¥ (l23grade ~

0]

il 1 1l | 1 Cs101 97
2 2 1 cs102 88

Ewkova 13 — O mivakag GRADES ueta tnv evnuépwon Baduou (grade) yia tov @outnth pe student_id=1 yia to padnua pe

course_id=CS101.

TéAog, otov kwdika K. 1.10.5, mpayuatomnoleital avaktnon dedopévwy pe evtoAr) SELECT kot xprion

JOIN, wote va cuvSuactouv ta Sedopéva twv mivakwv STUDENTS kat GRADES. To amotéAeoua

EMOTPEPEL TO Ovopa Tou ¢oltnth, Tov KWOIKO pabnuatog kat tov Babud, emibelkviovtag T

£UKOALQ pe TNV omola epwtApata SQL propolv va e€ayouv olvBeTeg mAnpodopleg ano cuvduaoud

TLOAAWV TIVAKWV.

import sqglite3

conn = sqglite3. ("school.db")
cursor = conn. ()
cursor. (
)
for row in cursor. ():
print (row)
conn. ()

K. 1.10.5 — AvakAnan debouévwy amo SUo mivakeg.

H £€080¢ Tou kKwbKa elvat n akdAoubn:

('"Avtovng', 'Csi101', 97)
('"Avtovng', 'Cs102', 88)

1.11. E€alp€oelg

Katd tnv ektéleon evog mpoypdppatog ival mbavo va mpokUouv opaiparta (errors), ta onola

puropel va odeidovtalr oe AavBOaopéva Sedopéva €L0060u, 0 ACUPPOTOTNTEC TUTWV, OF

npoBAnuata apxeiwv n oe aMeg anpoPAenteg kataotdoel. Otav cupPel éva opaipa, umapxouv

S1adopeC OTPATNYIKEG OVILUETWILONG, OMwC n oyvononl Tou, 0 QUECOG TEPUATIOUOC TOU
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TIPOYPAUUATOG, N ELPAVION KATAAANAOU UNVUUATOG KAl N CUVEXLON TNG EKTEAEONG N N PooTAbeLa

S1opdwonc/avakaudng and to opaipa.

JTIC OUYXPOVEG YAWOOEG TIPOYPUUUATIONOU, 0 Baolkog pnxoviopog Staxelplong Aabwv eival ot
efalpéoelg (exceptions). Mia e€aipeon onUATOSOTEL OTL CUVEPN HLOL LN KOVOVIKA KOTAOTAON KOTA
v ektéleon. H Snuoupyla (mpokAnon) plag efaipeong yivetal Ye tnv €VvIOAn raise, n omoia
SLaKOTTEL TN PUOCLOAOYLK) PON EKTEAEONG KOl UETAPEPEL TOV EAEYXO OTOV KATAAANAO LNXOVIOUO
XElpLopoU. Ytnv Python, o Xeplopdg sfalpéoswv UMNOTOLEiTALl HE TIC eVTOAEC try/except. Auto
ETUTPETEL TO SLOXWPLOUO TOU KWOLKA TIOU eVOEXETOL VA TIPOKOAECEL e€alpeon amo tov KwoLKa Tou
™V avtpetwnilel. H cuvtaén twv evtoAwv try/except eival n akdAoudn:

try:

# evitoAéc mou pmopel va mpoxaAécouv efalpeon

except (Exceptionl, Exception2?):

# xeiltptlopdbc 1ng efalipeong
else:

# extedeltal av dev mpoxAndnke efalpeon
finally:

# exTtedelTal mbvta, avefdpinta amd 1o av oUuvéPn efalpeon
To WmAoK try mepléxel Tov KwOIKa TTou evOEXeTAL vo. TpokoAéoel apaApa. Av cupPel e€aipeon,
ekteAeltal to Kata@AAnAo prAok except. To umAok else ekteleital povo av dev mpokUPel e€aipeon,
evw To finally ekteleital mMAvVTOTE Kol XPNOLUOTOLE(TAL GUXVA yla KaBaplopo mopwv (m.X. KAsiowo

opxelwv n ouvbéoewv Baocswv Sedopévwy).

Q¢ éva mapadetypa cOAMNPNG Kal Xewplopou efatpecewv napouotaletal o kwdikag K. 1.11.1 mou
enuyelpel va avoiel éva apxeio kelévou Tou omolou To dvopa Sivetal amnod tov xprotn, va dtapacet
TO TEPLEXOMEVA TOU Kal va ta gudavioel otnv oBdvn. Ito WUIMAOK try yivetal n mpoomaBeila
ovolypatog tou apyelou o Aettoupyia avayvwong Kol n avAyvwaon ToU TIEPLEXOUEVOU Tou. Av To
opxelo dev umapyel, mpokaAsital e€aipeon FileNotFoundError, n omoio cuMapBdavetal amnd To
ovtiotolyo pmAok except kot gpdaviletal KatdAMnAo pAvupa opAaApatog. Av To apyeio uTapyel
oAAa Sev umapyouV Ta amapaitnTta Sikolwpata npocfacng, mpokaleital PermissionError, n omnola
emiong xelpiletal pe Eexwplotd pRvupa. To umlok else ekteleital povo edpocov ev mpokUPeL Kapia
g€aipeon, 6nhadn étav n avayvwaon oAokAnpwbel emtuywg. Téhog, to umAok finally ekteleitol oe
KAOe mepintwon, avefaptnta ano To av cuVvERN efaipeon ) OXL, EMLTPETOVTIACG TNV EKTEAEC KWALKA
TIOU TIPETEL VA TIPAyLATOmoLNBel oMwaobNTOoTE (M.X. EVNUEPWTIKO UNVU LA TTOU cupBaivel o€ auTo To

napadeolypa | anodEopueucn MOPwWV).

try:
filename = input("Adce o6vopa apyelou: ")
f = open(filename, "r")
content = f. ()

print("To oapxelo diLapfd&otnke emlTux®g.")
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f. 0

except FileNotFoundError:
print ("SedApo: To apxeio dev Bpédnke.")
except PermissionError:
print ("Ie&Apo: Agv undpxouv O Llkaldpata npdofoacng oto apxelo.")
else:
print ("H ov&yvwon oAoxAnpdbnke xwplc ocpdipoto.")
finally:
print ("TéXogc dLadixaciac.™)
K. 1.11.1 — Avolyua apyeiou KELUEVOU KOL EUPAVLON TIEPLEXOUEVWYV TOU, UE XELPLOUO TITAVWY EEQUPECEWV.

JUVETIWC, To TBavVA oevapLa TTOU UIMopoUV va cupBouv elval ta akoAouba:

1. To apxeio umapxel Kot avoiyeL Kavovikd: H €lcodo¢ Tou XprioThn QVILOTOLXEL OE UTIAPKTO
opxelo Kal UMapYoULV SIKALWUOTA AVAYVWONG ToU apxeiou. To TEPLEXOLLEVO TOU apXElou
Slopaletal emtuywe, ekteleital to else, ekteAeital to finally.

2. To apxeio dev unadpxel: H kAnjon tn¢ open() mpokaAei FileNotFoundError. EkteAeital to
urAok kwdika Tou except FileNotFoundError, To else Sev ekteleital, to finally ekteAeital.

3. Aev unapyouv Sikouwpata npocfaong oto apxeio: H open() mpokaAei PermissionError.
Ekteleital to pmAok Kwdlka tou except PermissionError, to else Sgv ekteAeital, to finally
ekteleital.

4. Anuovupyeital éva opAApa KOTa TNV avayvwon Tou apxeiov, mou pmopel va opeiletal os
MPOPANUA Tou cuoTtnuatog apxeiwv: Mpokaleital €vag AaAlo¢ tumog efaipeong (m.x.
OSError). KaBwg Sev umtdpyel avtiotolyo except, To Mpoypappa teppatiletol epdoov mpwta

ekteleotel o finally.

1.11.1. lepapyxlo e€alpecewy

Itnv Python, ol €falpéoelg UAOTOLOUVTAL WG OTLYULOTUTIO KAACEWV KOL OPYOQVWVOVTOL OF UL
LEpapPXKN Soun kKAnpovoulkotntag. H tepapxia autr) akoAouBel Tn Aoyikr amd To YEVIKO TPOC TO
el8kO. ItV Kopudr Pploketal n kAdon BaseException, evw oL TePLOCOTEPEG OUVNOLOUEVEG
€€ALPECELG TIOU XPNOLUOTIOLOUVTAL GTOV TIPOYPUUATIOMO KANPOVOUOUV AUECSA 1) EUUECA OATO TNV
kKAdon Exception. H Lepapylkry opyavwon emutpénel TNV opadomnoinon ocuvadwy eEalpéoewv KATW
Qo KOLWEG UTIEPKAAOELG. Mo Tapadelypa, eEALPETELG TIOU OXeTilovTal e aplOUNTIKA obaApaTa A e
oddApata £l0060u/e€660u amoteAoUV €€EIOIKEUOELS YEVIKOTEPWY KOTNyoplwv. Auto Sivel T
SuVOTOTNTA CTOV TPOYPOUATLOTH VO ETUAEYEL TO £Mtinedo yevikeuong e to omolo Ba xelplotel éva

oddApa: ite cuMapBavovtag pla cuykekplpévn e€aipeon elte Yo euplTEPN KaTNyopia.

Jtov kwdwa K. 1.11.2 mapoucidletal €va amAo Tapddelypa mou avadelkvUeL TN XPHon tng
tepapyiag efatpéoswv. OL ZeroDivisionError kot ValueError gival mo e€el8IKEVUEVEG KAGOELG TTOU
kAnpovopoUv amod tnv Exception. To except Exception culapBavel onotadnmote GAAn efaipeon

TIou avnkel otnv idla tepapyio al\d Sev €xet 6N cuMndOel. H oelpd Twv except elvol onNUAVTIKN.
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OL 1110 €L61KEG €€aLPETELG TOTIODETOUVTAL MIPLV ATIO TG YEVIKOTEPEC, WOTE VA PNV «oKEMAlovTaly amno

QUTEG.

try:
x = int(input("Adce &vav axépoto: "))
y=1/x

print("AnotéAecpa:", y)
except ZeroDivisionError:
print ("Io&Apo: Alaipeon pe 1o pndév.")
except ValueError:
print ("SedApo: Mn éyxkupn aplBuntixkn elcodog.")
except Exception:
print("T'evikd cpdApa mou avikel oInv Lepopx o tne Exception.")
finally:
print ("TéAoc extéAeonc.")
K. 1.11.2 — Napadetyua xewptopuou eéaupécewv ue aélomoinon tneg tepapxiog kAaoewv eéaipéoswv otnv Python.

O TPOYPOUMATLOTAG MTIOPEl €(TE va XPNOLUOTOLOEL TIC UTAPXOUOCEC KAAOELG eQUPECEWV TIOU
mapExel n Python eite va Snuoupynoel dkEC Tou KAAOELS TTIOU KANPOVOUOUV amd UTIAPXOUOCEC,
ETEKTEIVOVTOC £TOL TO UNXOVIOUO XELPLOUOU ODAAUATWY LE TPOTIO IPOCAPUOCHEVO KABE popd OTIC

QVAYKEG TNG EPAPHOYNG.

1.11.2. PntA mpokAnon e€alpEcewy LUE TO raise

H evtoln raise ypnouwlomoleital ylo tnv pntr mpokAnon (raise) plag e€aipeong Katd tnv ektéAeon
£VOG MPOYPAUUOTOG. MEOW TNG raise, 0 MPOYPOUUATIOTAG UTtopel va StakoP el tn pualoAoyLkn pon
eKkTéAeong otav dlamotwOel ot mapaBlaletal kamola Aoylk mpoUnoBeon 1 étav eVIOTOTEL YN
amodekTr Kataotaon. H evtoAr) umopel va xpnotponotnBel eite pe evowpatwUEVES e€alpEoELS (TTY.
ValueError, TypeError) eite pe MPOCAPUOCHEVEG EEALPETELG TIOU €XOUV OPLOTEL ATtO TOV XProTn. 10
napadetypa tou kwdika K. 1.11.3 umtdpxouv Kal ot SU0 MepMTWoEelg KaBw opiletal Kot poKaAeital
ML TIPOCOPUOCUEVN €€aipeon, o oUVOUAOUO HE TIPOKANGON EVOWHATWHEVWY €EALPECEWVY KAl TO

UNXaviopd XeLpLopol Toug.

Apxikd, opiletal n kAaon NoPositiveNumbersError, n omoia KAnpovopel amo tnv eVOWHATWHUEVN
kKAdon Exception. H KAdon autr XpnolpomoLeital yla va onuatoSoTAoeL pLa 16K Aok cuvenkn
oddApatog: v amouocia Betikwv aplBuwv oe éva cuvolo Sedopévwv. Me Tov TPOMO aAUTO,
Sloywpiletal €va opAAPA  EMXELPNOLAKAG AOYIKAG amo yevikd oddApata. H ouvaptnon
average_positive(numbers) §€xetal wg oplopa pio Alota aptOuwv Kat utoAoyilel Tov HEco 6po povo
Twv BeTIKWV oTtoleiwv tG. Mpv Tov umoAoyLlopd mpaypatonolovvtol SUo €leyxol: a) av n Alota
glval kevn), ontote mpokaléttal e€aipeon ValueError, kaBwg Sev eivat Suvatov va urtoAoyLotel HEGOG
0po¢ xwpic dedopéva kot B) av umdpyxouv otolxelor aAld kavéva Sev eivol Oetiko, mpokaleital n
npocapuoocuévn efaipeon NoPositiveNumbersError, pe koatdMnAo pAvupo. Av wotdéco ol

TPoUTTOOECELG LKOVOTIOLOUVTAL, N CUVAPTNON EMLOTPEDEL TOV HECO OPO TWV BETIKWVY TLUWV.
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210 KUPLO TUALO TOU TIPOYPAUUATOG, O XPROTNG ELOAYEL AKEPALOUC APLOUOUC XWPLOUEVOUG LLE KEVO.

OL TWUEG HETATPEMOVTAL O OKEPOLOUG UE Xprion TG map(int, ...). H kAnon tng average_positive()

tomoBeteital péoa o pumAok try, wote va givat duvatr n cUAANYN Twv TBavwy e€atpéaswv. Av n

UEeTOTPOTI) amoTtUXEL (T.Y. Un aplBuntikn eicodog), cuhapBavetatl n ValueError. Av 8gv undpyouv

Betikol aplBuoi, cuMapBadvetal n npocappoouévn NoPositiveNumbersError. e kaBe meplntwon,

To pmAok finally exteleitol UTOXPEWTIKA, eldavilovTag UVU O TEPUATLOUOU.

class NoPositiveNumbersError (Exception) :

pass

def average positive (numbers):
if not numbers:
raise ValueError("H Alota elvol xkevn.")
positive nums = [x for x in numbers if x > 0]
if not positive nums:
raise NoPositiveNumbersError (

"Aev undpxouv Oetlkol aplBuol yia uvnodoyloud pécou Spou."

)

return sum(positive nums) / len(positive nums)

try:

data = list(map(int, input("Adoce axépalouc xwWPLOUEVOUC PEe KeVvo:
") . 0))

avg = average positive(data)

print ("Mécoc 6pog BetTLrOV aplOudvV:", avg)
except ValueError as e:

print ("Io&Apa £Locddou:", e)
except NoPositiveNumbersError as e:

print ("Illpocoppoocuévn efalpeon:", e)
finally:

print ("Téloc extéAeong.")

K. 1.11.3 — Mapadetyua Ue TPOKANCN EVOWUATWUEVWY EEQPETEWV KAL TTPOTUPUOTUEVWY EEQUPECEWY KAL LUE TOV XELPLOUO

TOUG.

AkoAouBoUv 4 mapadeilypata ektéAeong tou Kwdika K. 1.11.3. Yto npwto (E. 12) n extéAeon dev

nipokaAel kapia e€aipeon kat n ekTéEAecn OAOKANPWVETAL KOVOVLKA.

AOCE AKEPULOUG XWPLOouévoug pe kevd: 5 -3 10 2
Mécog 6pog BeTLROV aplOudv: 5.666666666666667
TéAOC €KTIEéAeONG.

E. 12 — Kavovikn pon ektéAeong.

1o Sevtepo mapadelypa ektédeong (E. 13) mpokaAeitat ValueError kaBwg o xpnotng €Loayet

cuppolooelpd avti yla aképato.

AGCe axépaloug Xwplopévoug ue revd: 4 7 a 9
SedApa eLoddou: invalid literal for int() with base 10: 'a'
TéANOC €KTIEAEONG.

E. 13 —pokAnon eéaipeong ValueError.
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Jto Ttpito mapadewypa ektédeong (E.  14) Tmpokaleitol n  TPooapUOCUEVN  e€aipeon

NoPositiveNumbersError kaBwg v UTLAPXEL BETIKA TLUN OTLG TULEG TTOU ELOHYAYE O XPHOTNG.

AGCe axképaloug Xwplouévoug upe revd: -5 -2 0 -8
pooapuoouévn efalpeon: Agv undpxouv Oetlkol aplbupol yia unodoylLoud pécou
bpou.

TéNOC eKTéAeong.

E. 14 — MpokAnon tn¢ mpooapuoouévne eéaipeong NoPositiveNumbersError.

Y1o teheutaio mapadelypa ektéheonc (E. 15) mpokaAsital pntd ValueError kaBwg n Alota THwv mou

£L0AYEL 0 XPOTNG Elval KevN).

AOCe aKéEPALOUC XWPLOoPévoug ue xrevd:
TSedApa €1od6dou: H Alota elval xevh.
TéNOC eKTéAeong.

E. 15— Pntn mpokAnaon tnc¢ eéaipeonc ValueError uéoa ammo tn ocuvaptnon average_positive().

Kavovikeg ekppaoeELg
OL kavoVvIKEG ekdpaocel (regular expressions) gival €vag TUTILKOG UNXAVIOUOG Tieplypadnc HoTiBwy
(patterns) oe keipevo. Mia Kavovikr €kdpoon amoTeAsiTOL Ao L0l 0KoAouBia XapaKTpwv mou
opilel évav kavova avalntnong, €MITPEMOVIAG TOV EVIOMIOUO, TNV enaAnbsucn f Tn HETATPONN
TUNUOTWY €VOG KELLEVOU TIOU €XOUV CUYKEKPLUEVN Hopdr. ELOLKOTEPQA, OL KAVOVIKEG eKDPACELS

XpnotomnolouvTal EUPEWC yLa:

e avalntnon poTifwy PEoa o KEIUEVO KAl EVTOTILOUO OAWV TWV epdavicewv Toug,

e £leyxo eykupotntag popdnc dedopévwy (.. emails, apBuotl tnAedpwvou, toxudpopkol
KWOLKEG),

®  QVTLKATAOTOON UTIOOU LBOAOCELPWYV TTOU TALPLA{OUV E CUYKEKPLUEVO poTiBo,

o SlLaXwpPLOUO KELUEVOU e BACN KATIOLO IPOTUTIO SLAXWPLOTIKO.

Itnv Python, n umootnplEn yLa KOVOVIKEG eKDPACELG TIOPEXETAL OO TO evowHATwHEVO (built-in)
module re, To onoio 6ev amaltel eykatdotaon Kol XpNOLUOMOLEITaL amAWG pe import re. Mapott
UTIAPXOUV Kol PBLBALOONKEG TPITWV KATAOKEUOTWV (OTWC regex N re2), 1o re KOAUTTEL TIG

TEPLOOOTEPEG OUVNOELG AVAYKEC.
OL Baotkég ouvaptroelg tou module re elvat ot €€N¢:

e re.match(pattern, text): eAéyxeL av To KeipeVo EEKLVA LIE TO CUYKEKPLUEVO HOTiRoO.
e re.search(pattern, text): evtomnilel Thv mpwtn gudavion tou potifou omoudnmote Yoo oto
Kelpevo.

o re.findall(pattern, text): emiotpedel Alota pe OAeC TG epdavIioELS TOU poTiBou.
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o re.finditer(pattern, text): Aewtoupyel omwg to findall, aM\d emiotpédel iterator pe
avtikelpeva match, emtpénovrag nio Asmtopepn enefepyacial.
e re.sub(pattern, repl, text): avtikaBlotd OAeg TG epdavioels Tou potifou pe tnv Twun repl.

e re.split(pattern, text): Sltaxwpilel TO KEIPUEVO XPNOLLOTIOLWVTAG TO LOTIBO WG SLOXWPLOTLKO.

2tov Mivakag 5 mapoucoialovtal Ta Bactkd cUPBOAN TwV KAVOVIKWVY ekPpAcewy Kal otov Mivakag 6

oL TooOSEIKTEG KAL O TPOTOG OpLoOU opddwyv. Itov Mivakag 7 Kat otov Mivakag 8 mapouatalovrol

OL TPOTIO UE TOUG OTIOLOUC UITOPOoUV VOl 0pLOTOUV CUVOAX XAPOKTPWV Kal 0pLa Aé€swv avtioTolya.

Mortifo Nepwypadn Napadelypa AnotéAeopa
Onoloodnmnote xopaktipag | re.findall (r"a.c", ['abc!', 'a-c',
thécneWHne) "abc acb a-c alc") 'alc']

" ApXﬁng¢vou re.search (r""Hello", <re.Match object;

"Hello World") span= (0, 5),
match="'Hello'>

$ T£AOG KELPEVOU re.search (r"World$", <re.Match object;

"Hello World") span= (6, 11),
match="'World'>

\d LIJnd)i_o re.findall (x"\d", [r1', '2']

"AlBZ")

\D Mn gndio re.findall (r"\D", ['A", 'B']

llAlell)
\w Xapaktipac Aé€nc (ypdppa i | re-findall (r"\w+", ["Hi 123'"]
apBudG A kdtw TavAa) "H1_123:7)
\W OxL xapaktipag A&ENG re.findall (r"\W+", ("]
"Hi 123!™)

\'s Kevo Sidotnpa re.findall (r"\s", (vl
"Hello World")

\S OxL Kevo SLaotnua re.findall (r"\S+", ['Hello',
"Hello World") 'World']

Mivakac 5 — Kavovikéc ekppaoeic: Baoika ouuBoAa.

Mortipo Nepwypadn Napddsiypa AnotéAsopa

* Mn&év n TEPLOCOTEPEG | L€E. findall (x"ax*", ['aaa', '']
eudavioelg "aaab")

+ Mia N neploootepec | re.findall (r"a+", ['aaa']
eudavioelg "aaab")

? Mnéév 1 pla epdavion re.findall (r"a?", ('a', 'a', ‘'a',

"aaab") ll, ll]

{m} AKplB(meEud)OLV'LGELQ re.findall (xr"a{2}", [Taa']

"aaab")
{m,n} A0 m £w¢ n epdaVIioELg re.findall (r"a{2,3}" ['aaa']
"aaaa")

{m, } TouAdylotov m gudavioelg re.findall (r"a{2,}", ['aaaa']

llaaaall)

(..2) Opada yio avadopd re.findall (r" (ab)+", ["ab']

"abab")

Mivakac 6 — KaVoVIKEC EKPPAOCELC: TTOCOSEIKTEG KAl OUASEC.
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Mortipo Nepwypadn Nopadelypa AnotéAeopa

[abc] OrnoloobAmote  xapaktipag | re.findall (r" [aeioul™, | ['e', 'o']
and autolg mou PBpiokovra | ello™)
HEOQ OTLG AYKUAEG

[*abc] Omnoloodnmnote xopaktipag | re.findall (r"[70-9]", ['a', 'B']
eKTOC  amd  autouc Tou | A1B2")
Bplokovtal péoa oTLg ayKUAEG

Mivakac 7 — KavovIKEC EKPPAOELS: TUVOAQ XOPUKTPWV.

Mortio Nepypadn Napddsiypa AnotéAeopa

\b Oplo Aé€nc re.findall (r"\bword\b", | ['word']
"a word wordy")

\B Mn 6plo A£€nc re.findall (r"\Bend", ['end', 'end']
"bend send")

Mivakac 8 — KavoVIKEC EKPPAOELS: OpLa AEEwv.

1.12.1. Nopadelypa PUe KAVOVIKEC EKDPAOELS

Qg €va mapAadelypa Xprong Kavovikwy ekdpAcEwY MAPOUCLALETAL TO MPOBANUA EVTOTILOUOU OAWV
TWV NUEPOUNVIWY OF €va Keipevo, Se60UEVOU OTL oL npeEPOUNVieg Kataypadovtal pe 1 1 2 Pndia
yla tov aplBud nuépac Kal tov aplouo pnva kot 2 i 4 Pndia ya to £10G VW TO SLOXWPLOTIKO

NUEPWV, LAV KOL ETOUG UIMOPEL va elvat «/» 1 «.» 1 «-»,

O kwdikag K. 1.12.1 em\VeL to TpOPAnpa opilovtag apxikd To potiBo \b\d{1,2}[./-
INA{L,2}[./-1(2:\d{2}\d{4})\Db yla TG BEWPOUUEVEG WG AMOSEKTEG NILEPOUNVIEG. TO APXLIKO
Kal TeAlkd \b opifouv opla AEENG wote va avayvwpilovial MANPELS NUEPOUNVIEG KaLl OXL TUAMATA
peyaAUtepwyv cupBoroospwy. To \d{1, 2} dnAwvel éva rj Suo Yndia yla tnv nuépa Kat avtiotolya
yla ToV HAva, evw N KAAon XOpOKTNPwWV [./-] E€TUTPENEL WG SLOXWPLOTIKO €val amod Ta: TeAeia,
KaBeto / A mavAa -. To TuAMA (2:\d{2} |\d{4}) anotelel un anobnkeutikn ondda enthoyng (non-
capturing group) Kol onuaivel OTL To £€T0¢ UTopel va amoteAeital ite amnd Vo elte amo técoepa
Pnola. TuvoAika, n ékdpacn avayvwpilel CUVTOKTIKA EYKUPEG NUeEpOUNVieg pe eueli€ia otn popdn

vpodng, Xwplc OUWC va eAEyXeL TN AOYLKA EYKUPOTNTA TWV TLHWV (TT.X. EVPOG UNVa 1 NUEPAC).

import re

text =

date pattern = r"\b\d{1,2}[./-1\d{1,2}[./-](2:\d{2}|\d{4})\b"
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matches = re. (date pattern, text)
for i, match in enumerate (matches):

print (f"Euop&vion nuepounviocg {i+l}: {match}")
K. 1.12.1 — EVTOTLOUOG NUEPOUNVIWV UE OUYKEKPLUEVEG UOPPEC OE KEIUEVO.

H €€o60¢ E. 16 amoteAel 10 amoTéAEOUA TNG EKTEAEONG.

Euedvion nuepounvioag 1: 5-9-2025
Epedvion nuepounvioc 2: 12.10.25
Euedvion nuepounviag 3: 1/10/25
Euepdvion nuepounviog 4: 17/10/2025

E. 16 — AntotéAeoua ektéAeonc kwdika K. 1.12.1.

Mua mapaAlayr) TG mapanavw Avong sivatl o kwdikag K. 1.12.2, mou e T Xprion OpAdwy EMITPEMEL
™ oUMNYN EeXWPLOTA TNG NUEPOC, TOU UNVO KAl TOU £T0C Yl TIG NUEPOUNVIEG TOU Kelpévou. H

£€060¢ E. 17 elval To anotéAeopa TNG EKTEAECNG OE AUTH TNV MEPLMTWON.

import re

text =
date pattern = r"\b(\d{1,2})[./-1(\d{1,2})[./=-1(\d{2}]|\d{4})\b"
matches = re. (date pattern, text)

for day, month, year in matches:
print (f"Huépo: {day}, MAvoac: {month}, Ertog: {year}")
K. 1.12.2 — EVTOTLOUOG NUEPOUNVLIWYV UE CUYKEKPLUEVEG UOPPEG OE KEIUEVO, LUE XPION OUASWV.
Hupépa: 5, MAvag: 9, Etog: 2025
Hpépa: 12, MAvoac: 10, Ertoc: 25
Hpépa: 1, MAhvoac: 10, Etog: 25
Hpépa: 17, MAvoc: 10, Etoc: 2025
E. 17 — AntotéAeoua ektédeonc kwdtka K. 1.12.2

1.13. To module sys

Ytnv evotnta autr nmapouotalovral Bacikég mAnpodopieg yio to module sys tng Python, to omoio
Mapéxel mpocPacn ot otolxela Tou TEPLPAAAOVTOC EKTEAECNG TOU TPOYPAMMOTOG KAl Of

MNXOVLIOUOUG aAANAETISpAONG |LE TO AELTOUPYLKO CUCTNAL.

To module sys dlaB£tel tpio Baoikd avrtikeipeva mou oxetilovral e ta pevpaTa L0060V Ko

g€odou:

e sys.stdin, ou avtiotolxel otnv Tumikn eloodo (standard input),
e sys.stdout, Tou avtiotolyel otnv tumikn £€060 (standard output),

e sys.stderr, Tou xpnoluomnoleitatl yia tnv £€€060 pnvupatwy ohaApdtwy (standard error).

To peUHATO AUTA UITOPOUV VAL oVaKOTEVLBUVBOUV (TE KATA TNV EKTEAECH TOU MPOYPAUUATOC aTtd TN

VPO eVIOAWV glte péoa amod Tov 6Lo Tov Kwdka. Ma mapddelypa, €va MPOypapuo Unopel va
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AdBeL eloodo amod apyeio kal va e€ayel anoteAéopata kot odalpara oe SladopeTKA apyela pe

EVTOAN NG HOPAG:
python my script.py < 1l.in > l.out 2 > l.err

TNV nepilmtwon autn, to stdin avakateuBuvetal ano to apxeio 1.in, to stdout oto apxeio 1.out kot

To stderr oto apyeio 1.err.
EruutAéov, To module sys mepilapPavel xprowa attributes, onwc:

e sys.path, mou mepléxel Tn Alota Twv pakéAwv otoug omoioug avalnta n Python modules
TpogG eloaywyn (import),

e sys.argv, Tlou anoBnkeUeL Ta oplopaTa YPOUUNAG EVIOAWY,

e sys.version, Tou mapExeL mAnpodopia yla tnv Tpéxouca £ékdoaon tng Python,

e sys.platform, mou SNAWVEL TO AELTOUPYLKO CUCTNLO OTO OTIOL0 EKTEAE(TAL TO TPOYPAUUAL.

ISlaitepn onpavtiko eival to sys.argv, To omoio eival Alota cupPOAOCELPWY TIOU TEPLEXEL TA
oplopota pe Ta onoia KAROnKe To mpoypappo. To mpwto otolyeio (sys.argv[0]) ival to dGvopa Tou
(6LOU TOU TPOYPALOTOG TIOU EKTEAELTAL, EVW T UTTOAOLITO OTOLXEL AVTLOTOLXOUV OTA OpilopaTa Tou
6060nkav anod tov xprotn. Etol, eav yia mapadsypa o kwdikag K. 1.13.1, €xeL amobnkeutel og éva

opxelo pe dvopa my_script.py Kol eKTEAEOTEL LE TNV akOAouBn evioAn:
python my script.py éva dUo 3

TOTE TO sys.argv[0] Ba sival "my_script.py" kat to sys.argv[1:] Ba mepléxet ta otolyeia ["éva", "800",
||3||].

import sys

print ("Ovoua script:", sys. [0]1)

print("Oplopata:", sys. [1:1)
K. 1.13.1 - lNepteyoueva my_script.py.

TEAoC, TO sys.exit() eMLTPEMEL TOV AUECO TEPUATIOUO TOU MPOYPAUMATOC. Av 500l wg dplopa n TN
0, dnAwvetal EMITUXAG TEPUATIOUOC, EVW OTIOLASATIOTE KN KNOEVLIKN TN UTtoSnAWVEL KaTdotaoh
odAApaTOG. MEe TOV TPOTIO AUTO TO POYPOLUA ITOPEL VA ETUKOLWVWVEL TNV KATAOTOON EKTEAEOTC TOU

OTO MEPLBAAAOV TOU AELTOUPYLIKOU CUCTHLATOC,.

AOKNOELG

1. Tpdayte KWSKA TOU VA EKTUTIWVEL TOUG OKEPALOUG oo to 1 uéxpL kal to 100. Opwg, av o
aplBuoc eivat moAAamAdolo tou 3 TOTE va eKTUTIWVEL Fizz, av eivatl moAAamAdolo tou 5 to

Buzz, evw av sivat moAamAdoto tou 3 Kat Tou 5 tote va ektunwvel FizzBuzz.
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MpaWte kwdLka moU va eMAEYEL Tuxaia aplBpoug pe to random.uniform péxpl To aBpolopd
TouC va yivel peyaAutepo amnod 1. EmavaAdBare to neipapa 1.000.000 dopéc. Kata puéco 6po
TOOEC POPEC XPELAOTNKE va EMIAEYOUV TIUEG yla vo Eemepdosl To abpolopa tnv Tun 1.
Juykplvate Tov aplOuo autod pe To math.e. YIIApYEL KATIOLO OVOUQ VL0 OLUTO TO MEIpANQ;

To mMANB0o¢ Twv TPOMWV TOU UImopouV va emtheyolv k dtopa amd n dtopa Sivetal amd Tov
, n n! , , '
wro {, ) = PR ormou n! =1x*2x*3x*...*n. Eudaviote 1o mAnBog Twv dladopetikwv

opAadwy Mou PmopoUlV va oxnUatiotouy and 50 dtopa yia péyebog opada and 1 £wg kat 50.
Aeilte oxetka TI¢ ocuvaptnoelg math.factorial() kat math.comb() amnoé 1o package math tn¢
Python.

H amoéotaon avapeoa oe 2 tomobeoieg otnv 'n Sivetal pe akpifela and tov TUTO TOU
Haversine. ¥tn oultnon https://stackoverflow.com/questions/4913349/haversine-formula-
in-python-bearing-and-distance-between-two-gps-points oto stackoverflow pmopeite va
Bpeite pla kaAr vAomoinon os Python. Emiong, unapyxouv packages otnv Python, omwc to
https://pypi.org/project/haversine/ mou pmopolv va sykataotabolv Pe TO pip Kot va Yivel
aneuBeiog uUMOAOYLOUOC TNG amooTacng LE ouvaptnon Tou TakETou. Ymoloyiote tnv
anootaon avapeoa otnv ABrva Kal oto BepoAivo TOo0 pe TtV UAomoinon TG cuvaptnNong
and to stackoverflow 600 kot pe 1o €wteplkd MOKETO haversine kal emiPefaiwote OTL
enotpédouv (mepinou) Tnv (Sa TIur og XIALOUETPA.

lpayte Ul KAGon pe ovopa Player mou va avamaplotd évav maiktn og éva Bvteomauyvibl.
H kAdon va €XeL W XOPAKTNPLOTIKA ovopa (name) kat Lwég (lives), kaBwg kot pia pébodo pe
ovoua die() mou va pewwvel katd pio Tig {wég tou maiktn kdbe dopd Tou KaAELTal.
Anpoupynote éva avtikeipevo tng kKAdong Player, pe ovopa "Luigi" kot 3 {wéc. KaAéote 2
dopég TN pEBobdo die() kat epdaviote to avtikeipevo. MNpooBéoete kKatdAANAeg LeBodoug
__init__kau__str__

MpaPte kwdlka TOU va ouvdéstal otn Pdaon Oedopévwv sqglite_master.db mou 6Ba
katePaoete Tomikad amno to https://github.com/bradleygrant/sakila-sqlite3, xpnowomnowwvrag
™ BLBALoBNKN sqlite3. Itn cuvéxela va BETEL epwTnUa Tpog T BAaon mou va epdavilel ano
tov mivaka film éAoug Touc TitAoug TaVIWY TTou EeKLVOUV E TO Ypaupa W Kol TEPLEXOUV T
Aé€n Shark otnv meplypadn toug. Noapatrpnon: To SQL spwtnua mou Ba mpénel va tebel

elvol to akoAoubo:

SELECT title, description
FROM film
WHERE title like 'W$' AND description LIKE '%Shark%';
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Epwtnoelg avtoaéloAdynong

=

. H kUpla uhomoinon tng Python ovopadZetat:
a) Jython
B) IronPython
v) PyPy
6) CPython

2. H Python sivat yA\wooa pe:
o) ZTaTKoUG TUTIOUG
B) Ymoxpewtikn SnAwaon tumou
v) AuvapikoUg TUTIouC
6) Xwpic tumoug

3. Nota a6 Tig mapokdatw AEN gival €ykupo ovopa LeTaBANTAC;
a) value_1
B) count
y) totalSum
6) 1value

4. Mola armo Tig akoAouBeg Aé€el elval deopeupévn otnv Python:
a) function
B) def
y) endif
6) var

(S,

. Mo1og TEAEOTAG EAEYXEL TAUTOTNTA AVILKELUEVWVY;

6. TLemotpédel n cuvaptnon input();
a) int
B) float
y) str
6) bool

~N

. Xtn Soun if/elif/else ekteholvrtat:
o) Mavta 6Aa Ta uimAok
B) TouAdyiotov SUO PMAOK
v) To oAU éva pmAok
8) Kavéva pmhok

8. O TpLadikog tedeotng if €xel popdn:
a) if condition: x else y
B) condition ? x : y
v) x else y if condition
6) x if condition else y

Yo}

. OLoupBolooelpéc otnv Python eivat:
o) MetaBAntec Souég
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B) Mn SloteTayEVEG
y) ApetapBAnteg (immutable)
8) Movo ASCII

10. Noto amnotéAeopa Sivel to s[::-1];
a) Avtypadn tng cupBolooslpdg
B) Tunua (slice) xwplc To MpwTo YapAKTAPA
v) Tagvounon xopoKtpwy
6) Avtiotpodn cupBorooelpd

11. Mola Sopn dedopévwy amodnkeleL Levyn KAELSLOU—TIUNG;
a) dict
B) list
y) tuple
0) set

12. TuemotpédeL n ékdpoaon 10 // 4;
a)2.5
B)2

v)3
8)4

13. T Ba epdaviosl;
s = "abcdef"
print(s[2:5])

a) cde

B) bcde

y) def

6)cd

14. TL Oa epdavioey;
d = {1: "a", 2: "b"}
print (d[2])

a)a

B)b

y)2

6) ZpaApa

15. TL Oa epdavioey;
s ={1, 2, 2, 3}
print (len(s))

a)3

B) 4

v)2

8) IddaApa

16. Molo elval To AnMoTEAECUQ;
"hello". (P19, Wxv, 1)
a) hexxo
B) hexlo
V) hexxx
8) ZdaAua
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17. TLBa epdavioey;
print("a,b,c". (", "))
a) lla“ llbll |Ic”
B [ b’, e
vlabc
6) (lal’ Ibl’ Icl)

18. T emotpEdel n ouvaptnon input();
a) int
B) float
y) str
6) bool

19. TL Oa epdavioey;
def f(x):
x += 1
return x

a =41

print(f(a), a)
a) 42 41
B) 42 42
v) 41 42
6)4141

20. Tt Ba epdavioel;
def f():
pass

print(£())
a)0
B) False
V) Zdaipa
6) None



1.15.1. AmavTnoEeLg OTIC EPWTAOELS AUTOAELOAOYNONG

1. 8) CPython

2.y) AuvapikoUg TUTOUG

3. 6) 1value

4. B) def

5.98)is

6.vy) str

7.vy) To OAU éval Aok

8. &) x if condition else y

9.y) AuetapAntec (immutable)
10. 8) Avtiotpodn cupPorooslpd
11. a) dict

12.B)2

13. a) cde

14.B) b

15.0) 3

16. B) hexlo

17.y)abc

18.y) str

19. a) 42 41

20. 6) None
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KEDAAAIO 2: H BIBAIOOHKH NUMPY

H mapoloa evotnta otoxevel otnv mapouoiaon tng BLPALoBrKkng NumPy tng Python, pe éudoaon otn
Snuloupyia edbappoywv TOU EMKEVIPpWVOVTAL oTh Slaxelplon kal enetepyooia Sedopévwy. Ito
mAaiolo autd, mapouoialetatl n BBAoBnkn NumPy, ta BepeAlwdn XOPOKTNPLOTIKA TNC., EVW
UTIAPYOUV €VOELKTIKEC UIKPEC €PAPUOYEC TOU avadelkvUouv TG Suvatotnteg tng BLpALoBrkng

NumPy og Bépata Slaxeiplong SeSopévwv.

Elocaywyn otn BBALoBrikn NumPy
H BiBAL0BAKN NymPy amotelel Paocikr) emloyn yla TOV TPOYPAUUATIONO £dappoywy avaluong
Sebopévwy onuepa Le xpron tng YAwaooag Python yla OA£G TIG avayKaieg epyacieg Omwe avaktnon,
ouMoyn, KaBaplopd kot yevika Olaxeiplon Sedopévwy. MExpl twpa €EeTACOUE TIC PAGCLKEG
BBAoBNKee kaL Sopég Sebopévwv tng Python (Aioteg, Aefikd, mAslddeg k.0.), oL omoleg oe
ouvOUOOUO HE T SOUEG EAEYXOU PONG TIAPEXOUV OTOV TIPOYPAUUATLOTH TN SuUVOTOTNTA AVATTTUENG
afLOTIOTWY KoL OmOSOTIKWY TPOYPOHUMATWY. Ol SoUEC QUTEC €mMOPKOUV yla TV UAomoinon

aAyopiBuwy Kal tnv emiAuon KaBnpueptvwy MPoPANUATWY EVOG EMLOTAHUOVO SESGOUEVWV.

Qotooo, éva Kpiolo {NTnUA TIOU TPOKUMTEL €ival 0 cuVSUOOUOC amAOTNTAG Kal TaxUTnTag. €
npoBARUaTa PLKPNG KALHOKAG, OMWG yla MOpAdelyla o8 MPAEELS YPAUULIKAG GAYEBPAC E TIVAKEG
UIKpWV SLOOTACEWY, O TPOTOC LAoToinong dev €xel onUavtikn emidpaocn, akoun Kot Alyotepo
BEAtioteg mMpooeyyioelg, mou neplthapfavouv emavainntikolg Ppoxoug, amodidouv LKAVOToLNTIKA.
Otav OpwG Tt dedopéva AVEPXOVTAL OE EKOTOMUUPLO gyypadEég, dtav amattolvial TTOAUTAOKA
EPWTNLOTA 1) UTIOAOYLOTLKA OEVAPLA, O TIOPAYOVTOC XPOVOG EKTEAEONG amoKTA Slaitepn Baputnta.
Ie emuyelpnolaka meplBarlovia n kabBuotépnon 1 n UTEPKATOVAAWON TOPwV Hmopel va €xel

ONMAVTIKO KOOTOG,.

H avaykn yla epyaleia mou cuvdudalouv vPnAn anddoon pall e sukoAla xpriong umnpée mavta
KOOOPLOTIKN OTNV EMLOTNUOVIKA KOLWVOTNTA YEVIKA KOl OTOV TPOYPOUUATIONS €8kd. H Slaxeipion
MEYAAOU OYKOU SESOUEVWV E TAUTOXPOVN QVAYKN YLa EKTEAECH CUVOETWY UTIOAOYLOMWY Elval pia
avaykn MoAAwv dekaeTw. Mo autov tov Adyo dnuoupyndnkav eEEOIKEVUEVEG YAWOOECG, OTIWG N
Fortran, oxeSLaOUEVEG QMOKAELOTIKA YLO. EMLOTNHOVIKOUG UTOAOYLOMOUG. H kowdtnta tng Python,
ovayvwpilovtag autiv TNV amaitnon, avéntués makéto mou SleukoAUVouV TV avaAucn dedopévwv

yLOL TNV EMLOTNUOVLKA £pEUVOL.
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H petdBaon amo tic Baoikeg Sopég tng Python otn BBALoBrkn NumPy

Eva amnod ta woxupdtepa spyadeia onuepa eivat n BiPAodrikn NumPy (Numerical Python) tng

YAwooog mpoypappatiopol Python, n omoia amoteAel BepeAlwdeg epyadeio yla TNV €mMLOTAUN

avaiuong dedopévwy Kat T pnxoavikn padnon. H BiALoBnkn NumPy npoodEpet:

YPnAnR anddoon: oL Asttoupyieg o mivakeg pmopouv va ektedectolv 10 £€wg 20 dopEg

TaxUTEPQ O€ GUYKPLON HE KwdLka Tou Baciletal og amAoug Bpoxoug.

ANAGTNTA: ETUTPEMEL OTOV TPOYPULMOTLOTH va Teplypddel TOAUTTAOKOUG aAyopiBuoug ue

OUVTOMO Kol KaBapo KwoLKa.

Aopny 6edopévwv ndarray: €vav TOAUSLAOTATO TivaKO HE TIPONYUEVEG OSUVOTOTNTEG

amoBnKevong Kol XELPLOUOU aplBuNTIKwy Sedopévwv.
Epyaleia el068ou/e€660u: ylo avayvwon kat eyypadr Sedopévwy ansuBeiag o mivakeg.

Awaovvdeon pe C, C++ kot Fortran: ou MITPEMEL TNV EKTEAECN UTTOAOYLOTLKA OTTOULTNTLKWV

EPYAOLWV XWPLG TIEPLTTEG aVTLYpaPEC SESOUEVWV.

‘Evag amd toug Bacikoug pohoug tng PLPAL0BAKNG NumPy elval va Asltoupyel wg KOWOE mUpnvog

amoBnkevong Sedopévwv ylo dladopetikolg aiyopiBuoug kat BiBALoOnkeg. Autd kabLotd Toug

TIVOKEG TNG TOAU TILO QOSOTIKOUG KOl QITOTEAECUATIKOUC OO TIC EVOWHOTWHEVEG SOUEG TNG

YAwooag mpoypappatiopol Python, evw mapdAAnAa emitpémnel tn ouvepyooia pe PLBALoOAKeEG

xapnAotepou erunédou. Me Alya Adyta, n BLBALoOnkn NumPy yedpupwvel To YAopa avapeca otV

amAotnta tng Python Kat tnv UTIOAOYLOTIKN LOXU TIOU QTALTOUV Ta cUyXpova TPoBAuaTa avaAluong

Sebopévwv.

H BBALoBrikn NumPy Bplokel epappoyég oe SLddopoug TOUELS, CUMTIEPIAAUBAVOUEVWY EVOELKTIKAL:

Avdaluon Aebopévwv: TTApPEXEL OMOTEAEOUATIKEC SOUEC S£60UEVWY KAl CUVAPTHOELS YL
aplBunTikn avaluon, KaBLoTWVTAC TO MO €EOULPETIKN ETUAOYH YlOL TOV XEPLOUO KOL TOV

XEPLOUO LEYAAWY CUVOAWVY SeSOpEVWV.

Mnxaviky Maénon: XpnoLUOTIOLEITOL EKTEVWG OE €PYAOCLEG UNXOVIKAG UAOnong, onwg

VPOUULKEC aAYEBPLKEG TIPAEELG, UTIOAOYLOHOUC TILVAKWY KOl OTOTLOTIKA avaAucon SeSopévwy.

Encéepyacia Ewkdvag: mpoodépel pia oxupn Baon yla epyaocisg emefepyaoiag £lkovoc,
ETILTPETOVTAG AELTOUPYIEG OTIWE GIATPAPLOUA ELKOVAG, LETACKNUATIONOUG Kol XELPLOUOUG O

eninedo pixel.
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*  Emuotnuovikn YIOAOYLOTIKNA: XpnoLueVel we Baclkd epyaleio TNG EMIOTNUOVLKE KOWOTNTAG
TIOPEXOVTAC EPYAAEI OTOUG €PEUVNTEG KOL ETLOTUOVEG TWV BETIKWV EMIOTNUWVY Kol OXL

UOVO, LLE TIPONYHEVEC LOONUATIKEG SUVATOTNTEG.

*  Xpnuatoolkovoplky MovteAomoinon: SLeUKOAUVEL TNV OLKOVOUIKI) aVAAUGH TIOPEXOVTOG
gpyaAeia yla pobnuotiky povtehomoinon, afloAdynon kwduvou kot PeAtiotomnoinon

xaptodpulakiou.

H BLBAL0Bnkn NumPy €xel €éva kpiolpuo poAo atnv avaiuon Sedopévwy AOYyw TG LKAVOTNTAG TN va
XELPLIETAL AMOTEAECUATIKA HeyaAa cUvoAa SSOUEVWVY KAl vo. eKTEAEL oUVOETOUC UTIOAOYLOUOUG.

Mmopei va xpnotlpomnotnBei moAumoikida o€ £pya avaAuong Se80UEVWY OTTWG:

*  Xelplopdg Aedopévwv: mapéxel moAudlaotatoug mivakeg tou NumPy emutpémouv Tov
£UKOAO XELPLOUO, TNV TEUOXLOUO Kal Thv avadlapopdwaon twv Sedopévwy, dleukohlvovtag

v e€aywyn MoAUTILWY TTANpodopLwV amo cUvOeTa GUVOAX SESOUEVWV.

* ZItatiotk Avaluon: mpoodEpel £va euplU GACHO OTATIOTIKWY CUVAPTHOEWY, OTIWE HECOG
0p0G¢, SLAPEDOC, TUTILKI ATIOKALON, CUCXETLON KoL GAAQ, ETILTPEMOVTAC OAG VO OVAAUOVTAL Kall

va cuvoifovtal to Sedopéva amMOTEAECUATLKA.

*  MoaBOnuatikég Asttoupyleg: mapéxel pio mAovola cUANOYR HaBNUOTIKWY CUVAPTACEWY,
ETUTPETMOVTAG VA €KTEAOUVTAL HABNUATIKEG TIPAEELS OE TUVOKEG ATMOTEAECLATIKA. AUTEC OL

AeLtoupyleg pmopouv va ehpopUOCTOUV 0VA OTOLXELO ) o€ OAOKANPOUC TIVOKEG.

*  ExmopnA Mivaka: mapéxel Asttoupyia petadoong (broadcasting) n omola enitpénel EUUETES
Aewtoupyle¢ ova otolxeio petafd TVAKWY  SLAdOPETIKWY OXNUATWY Kal peyeBwv,
g€aleidovrag Tnv avaykn yo xprnon Bpoyxwv pe uPnAd UMOAOYLOTLIKO KOOTOG, EVIOXUOVTOG

£T0L TNV UTIOAOYLOTIKI] AmodoTIKOTNTA.

*  ApOuntikég NPOCOUOWWOELS: XPNOLUOTOLETOL 0T SNULOUPYiO TTPOCOUOLWOEWY Kal OThV
ovaAuon oUVOeTwv ouvoAlwv Bedopévwy yla tov €Aeyxo UTOBLcewv, TNV EMIKUPWON

HMOVTEAWV Kot TN Ste€aywyn TMEPAPATWY.

Ma tv xprion tng BLBALoBnkng NumPy o Tomiko umtoAoyloth, Ba PEMEL MPWTA VA EYKATOOTABEL e

TNV evtoAn pip og kamolo terminal (teppatiko) (K. 2.2.1 - Eykatdotoon BLBAL0ORKNS numpy

) N AAAwvV TpoOTwV Tou pnopet va mapéxel avaioya kaBe IDE (Integrated Development Envirorment)
TPOYPOUUQ

install numpy
K. 2.2.1 - Eykataotaon 8iBAwodrikng numpy
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MOALG eykataotaBel, pmopeite va elcayayete to NumPy oto Python script oag (K. 2.2.2):

import numpy as np
K. 2.2.2 - AAwaon etoaywyrig tng BiBALoOkng Numpy otov kwdika

Juudwva pe pla atunn ovpBaon, eival odvnBeg otav slodyoups Tt PBBAoOAkn NumPy otov
KWOLKa pag va divoupe To PEUSWVUHO nNp ylo VO KAVOULE TOV KWOLKA TILO €UAVAYVWOTO Kal

ETIOVOXPNOLUOTIOLOLLO EUKOAOTEPA.

Eav n BLBAL0BRkN Numpy eival nén eykateotnuévn, TOTE Unopel va AdBete pnvupo otnv £€€060 tou

terminal énwg oto E. 2.2.1 - Mrivupa oto Terminal otL elvat N6n eykateotnuévn kamola €kdoon

omou Seiyvel OtL elval nén eykateotnuevn n €kdoon 2.3.5 ¢ BLBALoBrikng Numpy.

Requirement already satisfied: numpy in
c:\users\ezoull\appdatallocal\programs\python\python313\1lib\site-packages
(2.3.5)

E. 2.2.1 - Mnvuua oto Terminal 6t elvai nén eykateotnUeEVn Kamola €k500n

JTnv mepintwon mou UTIApxXeL Kot veotepn SlaBéolun ékdoon Ba akoAlouBeital Kal amd pRvupa

TapopoLo e tng E. 2.2.2 - AlaBeopudtnta vedtepng ékdoong tng BLPAL0OAkNG NumpyE. 2.2.2

[notice] A new release of pip is available: 25.2 => 26.0.1
[notice] To update, run: python. -m pip install --upgrade pip

E. 2.2.2 - Ailadeoiuotnta veotepnc ékdoong tng BiBALoGkng Numpy

2.3. TUmoL TWVAKWVY KOl XOPAKTNPLOTIKA TIlVaKkwV (shape, size)

Itnv evotnta aut Ba Solpe Toug TUMOUG TwV TWAKWY TNG PBLBALOBAKNG Numpy kol ta
XOPAKTNPLOTIKA TOUG. XTI TEPLOCOTEPEG TWV TIEPUTTWOEWVY OL €VVOLEG Kal ol Suvatotnteg elval
SQVELOUEVEG Ao TIG AVTIOTOLXEG TNG Bewplag TWV PABNUATIKWY YLO TOUG TIVAKEG. YTIAPXOUV OUWG
Kol efalpéoelg mou Ba avadépoupe ouykekpuéva. Evag mivakag povodiactatog (1D) ywa tnv
BBAL0BNKN Numpy tng Python eival ouclootikd pla Alota Tipwv. Na va pmopel Kamolog va
xpnotpomnotnoet mivaka 1D Ba mpémel va lodyel otov Kwdika tn BLBALoORkn Numpy omwe pabape

TAPATIAVW:

import numpy as np #ELcaywoyrn RLBAL0BAKNC Numpy

numbers = np. ([34, 33, 29, 28, 27]1) # Anuiovpyla nmivaxko Numpy pe dvoud
numbers

print (numbers) #Efodoc: array([34, 33, 29, 28, 27])

K. 2.3.1 - Anutoupyia kat ektUntwaon povodiaotatou rtivako Numpy

2.3.1. Awdlaotatol Mivokeg
H padnpartikn évvola Tou S1o81A0TAToU TtivaKa eival £va TAEYUA TIUWY SLOTETAYUEVWY O YPOUUES

Kol otAAeg. Me tn BLBALOBAKN Numpy pmopoUpe vo SnuLoupyrnooupe évav SLodLACTATO TIVOKA,
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B£tovtag wg Oplopa tng cuvaptnong np.array() pla Aiota Alotwv, onwc ¢aivetal ota napadsiypota
K. 2.3.2 kat K. 2.3.3.

import numpy as np

matrix = np. (eey, 2, 31, 14, 5, 61, [7, 8, 911)

print(matrix) #Efodoc¢: [[1, 2, 31, [4, 5, 6], [7, 8, 9]1]
K. 2.3.2 - Anutoupyia kat ektunwaon dtodiaotatou mivaka Numpy

import numpy as np

measurements = np. ([rt8s, 751, [170, 681, [192, 821, [178, 701, [175,
7711)
print (matrix) #Efodocg¢: [[185, 75], [170, 68], [192, 82], [178, 701, [175,
7711

K. 2.3.3 - Anutoupyia kat ektunwon dtobiaotatou nivaka Numpy, ot ypauueg eivat dtapopetikol avipwrtol kat oL oTnAec
avanapltotouv ta UYn kat T Bapn Toug

2.3.2. Tpwdldotartol kal meplocotepwy dlaotaoewy Mivakeg (Tensors)

H paBnuoatikn évvola tou tplodldotatou Tivaka sival pia cuAloyn amd S1odldoTaTouc MmivoKeg
Slatetaypévoug oe emineda. Etol pe t BPAL0ONKN Numpy, mAAL pHe Th XPAON TNG OUVAPTNONG
np.array() évag tplodlaocTaTog mivakog, Yvwaotog Kol wg tensor otnv Python, gival pia cuAhoyn amno
Sloblaotatoug mivakeg dlatetaypévoug oe emimeda. H dnuloupyia evog TpLodLAOTATOU TivaKa,
yivetal B£tovtag wg oplopa pa Alota Alotwv amo Aloteg otn cuvaptnon np.array() , onwc dpaivetat

ota napadsiypara K. 2.3.4 kat K. 2.3.5

import numpy as np

tensor = np. (cerex, 21, 13, 411, [0S, 61, [7, 8111)
print(tensor) #Efodoc: [[[1, 21, [3, 411, [[5, 61, [7, 8111
K. 2.3.4 - Anutoupyia kat ektUntwon tptodiaotarou nivaka Numpy

import numpy as np

group measurements = np. ([[[185, 751, [170, 681, [192, 821, [178, 7071,
[175, 7711,

[[18o, 721, [176, 781, [182, 801, [174, 721, [177, ©6911,[[188, 781, [180,
711, [182, 751, [17s, 731, [17c, 70111)

print (group measurements)

#Efodoc: [[[185, 751, [170, 8], [192, 82], #[178,701, [175, 7711,[[180,
721, [176, 781, [182, 801, [174, 721, [177, #6911, [[188, 781, [180, 71],
(182, 751, [17s, 731, [17c, 70]11]

K. 2.3.5 - Anutouvpyia kat ektunwon tptobdiactarou nivaka Numpy. Kade eninedo avanaplota Sta@opetikn ouada, ot
VPOUUEC Ta dTOouQ, N pLa SLaoTach) to UYoc

2.3.3. Ewdkot MNivakeg

H BBA0OAKNn NumPy mapéxel ouvaptroeLg yia tTn Snuloupyla e8IKWV TIVAKWY, WOTE va KAAUPEL
KOTNyopleg EL6LKWV TILVAKWY OL OTIOLoL UTtAPXOoUV oTn Bewpila MIVAKWY TwV HoBnuatikwy oAAd Kot
yla vo KaAUPel AAAEG TIPOYPOUMOTIOTIKEG avaykeg. Etol umdpyouv otn BiBAoBnkn Numpy

UTIAPXOUV OL TTAPAKATW CUVOPTHOELG TIOU SNULOUPYOUV ELSLKOUC TIVOKEC:

® np.zeros(): Anploupyel évav mivaka YEUATO HE UNOEVIKA. XPAOLUO yla TNV apxlKomoinon evog

Ttvakao TIpLV amo tnv MANRpwaon tou e dedopéva (K. 2.3.6).
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import numpy as np

Zeros = np. ((3, 3))

print("Zeros:\n", zeros) #Zeros: [[0. O. 0.], [0. O. O0.], [0. 0. 0.11
K. 2.3.6 - Anutoupyia kat ekTUnwaon Undevikou mivako 3x3

* np.ones(): Anuloupyel €vav mivako YEUATO UE HOVASEC. Xpnoluo yla t dnuwoupyia evog

TUVAKOL LE L0l CUYKEKPLUEVN apXLkn Tiun (K. 2.3.7).

import numpy as np

ones = np. ((3, 3))
print("I{vakoag povadwov:", ones) #IMivoaxog povédwv: [1. 1. 1.], [1. 1. 1.1,
[1. 1. 1.1]

K. 2.3.7 - Anutoupyia kat ektuntwon nivaka povadwv 3x3
¢ np.eye(): Anpoupyet €vav povadlaio i TAUTOTIKO TivaKa. XProLUOo Lo TIPAEELG YPOLLLKNG

ahyeBpag (K. 2.3.8).

import numpy as np

identity = np. (3)

print ("Movadiaiog Hivaxkag:", identity) #Movoadioioc Iivoxoac: [[1. 0. 0.1,
[0. 1. 0.], [0. 0. 1.711

K. 2.3.8 - Anutoupyia kat ektunwon Movadiaiou nivaka 3x3

* np.full(): Anuoupyel évav mivaka yEUATO HE O KOOOPLOMEVN TWWA. XPNOLUO yla Ttn

Snuoupyia evog Tivaka e L0l CUYKEKPLUEVN apxkn Tiun (K. 2.3.9).

import numpy as np

full = np. ((3, 3), 7)
print ("IARpnc mivoaxag opolwv aplbuedv:", full) #IAApng mivoxkoag o0 LV
apLéudv: [[7 7 71, [7 7 71, [7 7 711

K. 2.3.9 - Anutoupyia kat ektunwaon MAnpoug Mivaka opoiwv aptSuwv, Staotacswyv 3x3
¢ np.arange(): Anuoupyel £vav Tivako e TIUEC OE KOVOVIKI AmOoTAoN UETAEU ULOG OPXLKNG
KOl oG TEALKAC TIUAG. H ouvaptnon eival xprown ywa tn Snuloupyio akoAouBlwv aplBuwv

(K. 2.3.10).

import numpy as np

arange = np. (0, 10, 2)

print ("Axoloubila:", arange) #AxoloubBila: [0 2 4 6 8]
K. 2.3.10 - Anutoupyia kot ektunwon mivako Akodovdiag aptSuwv

¢ np.linspace(): Anploupyel évav Tivaka pe £vav Kaboplopévo aplOuo TIUwy o on anootoon
METAEL HLOG OPXLKAC KOl MLOC TEAKAG TLUNAG. XPAOLUO yla Tn Snuloupyio Loamexoviwv
Slaotnuatwy (K. 2.3.11).

import numpy as np

linspace = np. (0, 1, 5)
print("Icaméyxovia dlLaocthpato:", linspace) #Icoméyxovia ditaothuota: [0. 0.25
0.5 0.75 1.]

K. 2.3.11- Anutoupyia kat EKTUTTWON TTIVOKA TIUWVY OE LOATTEXOVTA SLOOTHUATO
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2.3.4. Baolkd XapaKTtnNELOTIKA Mivakwy

KaBe mivakog tng PLPALoBAkng Numpy tumou ndarray SlaBEtel xprnolueg LOLOTNTEG OMWG OUTEG
avadépovtal mopakdtw. Xtov K. 2.3.12 epdaviletar evdelktikd mopadeiypata xpnong Kot
EKTUTIWONG TWV ETILOTPEPOUEVWV TLUWV BACIKWY XAPAKTNPLOTIKWY EVOELKTIKOU TIivaKa 2X3 e TLUEG

[[1, 2, 3], [4, 5, 6]].

* ndim = apBuoe Staotdaoswy (m.x. 1D, 2D, 3D).

* shape - to oxrjua tou mivaka (MAnBog otolxelwv o€ kABe diaotaon).
*  size = 0 GUVOALKO TTANRBOG oTOLXELWV.

* dtype = o TUTOG SedopEVWY TwV oTolxelwv (T.y. int32, float64).

*  itemsize - 1o péyebog kabe otolxeiou oe bytes.

* nbytes - ouvoAikéd péyebog mivaka os bytes.

import numpy as np

arr = np. (rex, 2, 31, [4, 5, 611)

print("II{voxkoc:", arr) #i{voxrag: [[1, 2, 31, [4, 5, 6]1]
print("AiLcotdoelg:", arr. ) #ALoaot&oeLC: 2

print("Sxfuo:", arr. ) #IxAuo: (2, 3)

print ("SuvoAlxk& otolxeloa:", arr. ) #3UVoALk& oTolxela: 6

print ("TUnoc dedopéveov:", arr. ) #TUmoc dedouévev: int6d () avdArovo
TO0 oUoTNUO)

print ("Bytes ov& octolxeio:", arr. ) #Bytes avé& octoixelo: 8
print("IuvoALxk& bytes:", arr. ) #3uUuvoALlxd bytes: 48

K. 2.3.12 - Anutoupyia mtivaka, utoAoYLOUOG KAl EKTUNTWON BAOIKWY XOPAKTNPLOTIKWY
Mta TToOAU XproLn CUVAPTNON TIOU AELTOUPYEL WG LOLOTNTA TWV TILVOKWY £LvVaL N LETATPOTH TtivaKa
oe amAn Alota tipwv (flattened list). Aappavel éva numpy.ndarray Kol TO LETATPEMEL O AlOTA TLUWV

K.2.3.13.

import numpy as np
# Anuiloupyla mivaxka NumPy ce AloTta TLudv

A = np. (rex, 2, 31, 4, 2, 11, [3, 1, 411)
#Metatponry coe Alota TLudv (flat)
values = A. (). ()

print("Aflota tipov:", values) #Alota TipdV: [1, 2, 3, 4, 2, 1, 3, 1, 4]
K. 2.3.13 - Metatponi) rtivako o€ Alota TiUwv

Ye gUvdeon He TNV MPONYOUUEVN LOLOTNTA KOl EMEKTEIVOVTOC Of KATL £€OUPETIKA XPrOLUO OTOV
nipoypappatiopd n BBAodAkn Numpy £xet tnv Wldétnta ndenumerate Ue TNV omola UMopoUpE va
AaBoupe oe moleg Béoelg/deikteg epdaviletal n kKOs Tiur. EToL pmopoupe va Bpolpe t B€on tng

KaOe Tung (K. 2.3.14).

import numpy as np
# Anpilovpyla mivoaxa NumPy oe Aloto TLUOV

A = np. (rrx, 2, 31, 4, 2, 11, [3, 1, 411)

#Metatponry og Alota TLudv (flat)

values = A. (). ()

print("AloTto tLipdv:", values) #Alota Tipov: [1, 2, 3, 4, 2, 1, 3, 1, 4]
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# 2. EUpeon 6écewv r&Oe TLUNACQ

positions = {}

for index, value in np. (n) :
if value not in positions:

positions[value] = []

positions([value]. (index)

print ("\n®éoceilg k&Oe TLEHG:")

for val, inds in positions. ():
print(f"{val}: {inds}")

K. 2.3.14 - Xprjon tn¢ tététntag ndenumerate

H €€060¢ Tou kwdika NG K. 2.3.14 gival n €€odoc E. 2.3.1.

ANloto Tipev: [1, 2, 3, 4, 2, 1, 3, 1, 4]

@éce g K&Oe T LPNC:
1: [(0, 0), (1, 2), (2, 1]
2: [0, 1), (1, 1)]
3: [(0, 2), (2, 0)]
4: [(1, 0), (2, 2)]

E. 2.3.1 - O¢0e(g Tiuwv mivaka

2.4. Avvatotnteg Alaxelplong mwvakwy pe tn BipAoBrikn Numpy

2.4.1. Eupetnplaon (Indexing)

H BBAoBnkn NumPy eival mavioxupo €pyolelo Kol OVAUECO OTIC ONMOVTIKOTEPEC €K TWV
BLBAL0BNKWV tTNC YAwooag mpoypappatiopol Python, mapéxovrag éva gupl paocpo SuvatoTTwy
yla aplBuntikoug UTTOAOYLOMOUC. 2€ aUTA TNV evotnTa Bal SOUUE TIC LOXUPEG TEXVIKEG EUPETNPLAONG
KOl TEpa)LOpoU Tou TapeXel n BLBALoORKN. MNa va dolpe autég TIg £vvoleg Ba Snuloupyrnooupe
omntd, kabnuepwva moapadeiypata. OL pileg Tng dnpovpyiag eupetnpiacng otn BBALoOnRkn NumPy
UTTOpOoUV VA EVTOTILOTOUV OTIC «TATIEVEC» MG BAOLKEG apXEC TWV ALOTWV TNS YAwooag Python. H
npocBacn og pepoVwHEVA oTolxela evdg mivaka eivat T0oo amin 660 n KANGon Tou sUpeTnplou Toug
ME Tn ouvtagn tumou array[index]. Q¢ moapddelypa €xouv tnv mepimtwon mivaka NumPy o
omolog nepléxel moAamAd podrpota. O kwdikag yia tTn Snuloupyia Kot eKTUTIwon 6Aou autou Tou

niivaka eivat oto K. 2.4.1.

import numpy as np

beverages = np. (['Coffee', 'Tea', 'Milk', '"Juice',6 'Water'])
print (beverages) # Auth 1 vepauun elvoal mpoxlpeTlkh kol dlvel 1O amoTéAeoua
eXTUNIOONG TOoU mivoaka: ['Coffee' 'Tea' 'Milk' '"Juice' 'Water']

K. 2.4.1 - Anutoupyia kot EKTUNIWON THVAKO UE TIUEC POPHUATA

Mo va avakAnBel to mpwrto otolyelo tou Tivaka, MPEMeL va yivel xprion tou deiktn 0 kot va

EKTUTIWOOUE TNV emLotpedOpevn Twur. ETol ouvoAka o Kwdikag Ba eivat omwe epdaviletal oto

import numpy as np

beverages = np. (['Coffee', '"Tea', 'Milk', '"Juice',6 'Water'])
print (beverages) # Auth n yvpopun eivol TpoxlpeT LKA Kol dlvel 1O amoTéAsoud
eXTUNIOONG TOoU mivaka: ['Coffee' 'Tea' 'Milk' '"Juice' 'Water']
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first beverage = beverages[0]
print(first beverage) # Coffee
K. 2.4.2 - Anutoupylia mivako ponuatwy, xpron eUPETNPLaoNG ylo EUPEDN TPWTOU OTOLXELOU

Ztn BBALoOrkn NumPy, oL tivakeg pmopouv va ekteivovtal oe TOAAATAEG SLaoTdoelS. Ma va
€MIAgyoUV oTolyela amd autouc Toug MOAUSLACTATOUG TIVAKEG, B0l TIPEMEL VAL XPNOLLLOTIOL)GOUE HLOL
Alota Selktwy SlaywpLoPEVWY HE KOoppa. H Baaoikn ouvtagn eival array[indexl, index2,

.1. T mapadeypa yla évav SLoSLAoToTo TVAKO TTOU QVTILUTPOCWIIEVEL £Va ULIKPO HEPOG TNG
Stataénc twv padlwv evog navronwAeiou (K. 2.4.3), yia va emtideyet to «Milk» amo to deltepo padt,

Ba mpémnel va xpnotponotnBouv ot Seikteg 1 kat 2, omwg dpaivetal otn ypappr 6 tou kwdika K. 2.4.3

import numpy as np

shelf layout = np. ([['Cereals', 'Pasta', 'Rice', 'Beans'],
['Coffee', 'Tea', 'Milk', 'Juice'l],
['Apple', 'Banana', 'Mango', 'Peach']l])

print(shelf layout)

milk position = shelf layout[l, 2]

print(milk position) # Milk

K. 2.4.3 - Eupetnpiaong o€ moAAEG StaoTaoeLg

tn BBALOBNRKkn NumPy umtapyxouv Kol €EEALYUEVEG TEXVIKEC UpETnNplaong OMWC N AOYLKA Kal n
aképatn gupetnpiaon. H Aoyl eupetnploon EMLTPENEL va eTAeyolV oTolyeia amo évav mivaka Ue
Baon pla ouvBnkn. Emekteivovtag to mapddelypa tou K. 2.4.2 pe ta podprApato MPOooOETOUNE Kal
Tivako Ye TIG TIUEG Toug (mivakag prices otov K. 2.4.4). Tla va evtomotoUv ta poprUoTa HE TIHEG
KATW Tou 1€ pmopel va xpnotpomnotnBel n SnAwon onwg autr UETA To cUPPBOAO = OTNV €KTN YPAUUNA

Tou Kwdka K. 2.4.4.

import numpy as np

beverages = np. (['Coffee', 'Tea', 'Milk', 'Juice', 'Water'])
#Apx Lkomoinon TLpdv
prices = np. ([1.5, 1.0, 0.5, 2.0, 0.7])

#PooAuaTa pe AmodeRTEQ TLREQ

cheap beverages = beverages|[prices < 1.0]
print (cheap beverages) #['Milk' 'Water']
K. 2.4.4 - Mapadetyua AoyLkng eupetnpiaong

AN\ €va mapadelypo xprong AoyLIKAG eupetnpiacng Le MOAUSLACTATOUC TIVAKES elvatl TNG HopdAC
TIOU TIOPOUGCLALETOL OTN OUVEXELA. AG ETEKTEIVOUUE TO Ttapadelypo Sdtaéng Twv padlwv evog
navtonwAeiou (K. 2.4.3), woTe va evtomLoTouV Ta TpodLUa oTo padl Tou mavtonwAeiou mou Sev £xel
Kamolo¢ aA\epyia, O0TO CUYKEKPLUEVO TtapAdelypo £0Tw OTL epdaviletal aAepyia ota 'Mango' kot
'Peach’ (K. 2.4.5). Na tnv emhoyr tou 'Apple' kal 'Banana' pmopet va xpnotpomnown®el n dnlwon
OTIWC QUTH UETA TO CUPBOAO = oTNV MEUTTTN VP Tou Kwdika K. 2.4.5. Mo tnv emthoyr tou 'Apple’
Kol 'Banana' pmopel va xpnoipomnotnBei n dnAwon Onwg autn UeTd to cUpuPoro = otnv €RSoun
ypouun tou kwdwka K. 2.4.5. TN tnv emdoyr) tou 'Apricot', mou O8ev umdpyel, umopel va

xpnotuomnotnBet n dnAwon 6nweg auth UETA To cUUBOAO = oTNV £vatn YpOouur Tou Kwdwka K. 2.4.5.
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Mna tnv emdoyn tou 'Apple' umopel va xpnowonotnBet n 6nAwon OnMwg auth PETA To cUUPBoAO =

oTnVv evéékatn ypapun tou kwdika K. 2.4.5.

import numpy as np

shelf layout = np. ([['Cereals', 'Pasta', 'Rice', 'Beans'],
['Coffee', '"Tea', 'Milk', 'Juice'l],
['Apple', 'Banana', 'Mango', 'Peach'll)

fruit positionsl = shelf layout[np. (shelf layout, ['Apple', 'Banana'l])l]
print(fruit positionsl) #©&on eopoUtwv 1 - ['Apple' 'Banana'l]

fruit positions2 = shelf layout[np. (shelf layout, ['Apple'l)]
print(fruit positions2) #©fon gpolUtwv 2 - ['Apple']

fruit positions3 = shelf layout[np. (shelf layout, ['Apricot'])]
print(fruit positions3) #©fon gpolttwv 3 - []

fruit positions4 = shelf layout[np. (shelf layout, ['Apple',
'"Apricot']) 1]

print(fruit positions4) #0&on opoUtiwv 4 - ['Apple']

K. 2.4.5 - Aetktio50TNnoN Ue €UPECN CUYKEKPLUEVWY TIUWV O€ TOAUSLACTATOUC TTIVAKES

2.4.2. Eupetnplaon (Indexing) — MpoxwpnUEVEC TEPUTTWOELG

H xprion eupetnpiaong €xeL kot GAAEG EMUTALOV TIPOXWPNMEVEG EMIAOYEG, OMWEG HUE TN XPNHoN
OKEPOLWY apLBUWY, OTIOU TIAPEXETAL N ETMIAOYN OTOLXELWV Ao £vav Mivaka XpnoLUOTIOLWVTAC VAV
aAM\o mivaka Seiktwy. Emekteivovtag to mapadsypa tou K. 2.4.2 pe ta podrnuata mpocBEToupe
SNAwon OnMwg auTr HETA To cUUPBOAO = otnv Tpitn ypapuun tou Kwdika K. 2.4.6 WOTE va eVTOTLOTEL

TO MPWTO KL TO TEAEUTALO pOPNUaL.

import numpy as np

beverages = np. (['Coffee', '"Tea', 'Milk', '"Juice',6 'Water'])
selected beverages = beverages[[0, -1]]
print(selected beverages) # ['Coffee' 'Water']

K. 2.4.6 - Eupetnpliaon Ue TN Xprion akEPaLwV aplSuUwv

MNa moAudlaotatoug MIVOKEG, UMOPEL va XpnolpomolnBel n aképoln €UpPeTnplocn TOPEXOVTAG
Tiivakeg SelkTwv yla KaBe dldotaon. Aflomolwvtag To mapddelypa g Slataéng Twv padlwv evog
navronwAeiou (K. 2.4.3) wote va Bpoupe auth Tn Gopd To MPWTO TPODLUO Kot To TEAEUTALO podnua

K.2.4.7.

import numpy as np

shelf layout = np. ([['Cereals', 'Pasta', 'Rice', 'Beans'],
['Coffee', '"Tea', 'Milk', 'Juice'],
['Apple', 'Banana', 'Mango', 'Peach'll)

#Select Items

selected items = [shelf layout[0][0], shelf layout[2][3]]

print(selected items) # [np.str ('Cereals'), np.str ('Peach')]

K. 2.4.7- Eupetnpiaon Ue ™ xprnon aképalwv aptduwv o€ ToAuSLAoTATOUG TTIVAKES

2.4.3. Tepaxwopog (Slicing)
Mua @AAn duvatotnta tng BLRALOAKNG Numpy og ox€on HEe Toug MIVOKEG lval 0 TERAXIOUOG, OTou
OUOLOOTLKA £lval 0 SLAKPLTOC OPLOUOG EVOC Ttivaka. H dvw Kal kAtw teAeia () xpnolonoleitat yla va

oploeL TNV apyn, To TEAOG Kal To B TG TEHOXLOMoL (array[start:end:step]) . MNa
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napadelypa, av npémnet va e€axbouv ta mpwta 3 podrpata and Tn oepd pobnUATWY UIMOPEL va

xpnotwornotwnBel n SrAwaon Omwc autr HETA To cUUPBOAO = oTnV TPiTN YyPAUU ToU Kwdika K. 2.4.8

import numpy as np

beverages = np. (['Coffee', 'Tea', 'Milk', 'Juice', 'Water'])
top 3 beverages = beverages[:3] # Efavoyh Tov TELOV IPOTOV OoeNuUAToV amd To
P& L

print(top 3 beverages) # Efodog:['Coffee' 'Tea' 'Milk']
K. 2.4.8 - TeEpoLOUOG poupLou mpoiovTtwy

AKOUN KAl oL TOAUSLACTATOL TIVOKEG UIOPOUV vVa Tepa)LoToUV Kabopilovtag tnv kaBe didotaon,
SlaxwpLlopEévn He KOPUATO O€ pla ouvTagn TnG HopdnG array[startl:endl:stepl,
start2:end2:step2, ...J].Ztovkwdwka K. 2.4.9.mapouctdletal évag MoAUSLACTATOC THVAKOG [LE
™V npwtn ypapun (padt mavronwAiov) va nepthapBavet tpddLua, tn deltepn podpruata Kal thv
tpitn Pppovta. MNa tnv emhoyr tou 2°° padlol unopel va xpnotponotnBeil n SHAwon 6w autr META

TO OUMPBOAO = OTNV TEUMTN YPAUUA TOU Kwdka K. 2.4.9.

import numpy as np

shelf layout = np. ([['Cereals', 'Pasta', 'Rice', 'Beans'],
['Coffee', '"Tea', 'Milk', 'Juice'],
['Apple', 'Banana', 'Mango', 'Peach']l])

second shelf = shelf layout[l, :] #['Coffee' 'Tea' 'Milk' 'Juice']

print (second shelf)

K. 2.4.9 - Tepoytouog poplou mpoioviwy moAAwv Staotaoewv

2.4.4. ANayn Slaotaoewy (reshaping)

‘Evag mivakog NumPy pmopet va avadlapopdwbel xpnolpomnolwvtag tn cuvdptnon reshape(). Eivat
ONUAVTIKO va avadepBel OTL TO YWOUEVO TWV YPAUUWY KoL TWV OTNAWV oTov avadlopopdpwpévo
Ttivako TIPETEL va €lval (00 PE TO YWVOUEVO TWV YPAUUWY KAL TWV OTNAWV OToV apxtko Ttivaka. Na
MAPASELYUA, O EVaV aPXLIKO TILVOKA TIOU TIEPLEXEL TECOEPLG YPOAUUEG Kal £EL 0T, dnAadn, 4 x 6 =
24. Evag avaslapopdwpévos TVaKag TIEPLEXEL TPELS YPOUMEG KOL OKTW OTHAES, dnAadn, 3 x 8 = 24
(K. 2.4.10 - AA\ayn) Slaotaoewv (reshaping)).

import numpy as np

uniform random = np. . (4, 6) #Anuioupyla mivaxka 4x6 pe Tuyxaloug
apLBuolc

print (uniform random)

uniform random = uniform random. (3, 8) #Eopopuoyn reshape otov mivoko

4x6 oe mivaxka 3x8
print (uniform random)
K. 2.4.10 - AAAayn Staotaocswv (reshaping)

‘Eva akopa napadetypa epappoyng tng reshape() epdavitetal otov kwdika K. 2.4.11.

import numpy as np

arr = np. (f1, 2, 3, 4, 5, 6])

reshaped arr = np. (arr, (2, 3))

print("\nReshaped array:\n", reshaped arr) #[[1 2 3] [4 5 6]]
K. 2.4.11 - ErunAéov napadeyua yia tnv ardayn dtaotacswy (reshaping)
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2.4.5. Juvévwon TVaKwyY

Y€ OPKETEC TEPUTTWOELS avaAiuong Sedopévwy pmopel va Slabétoupe ta Sedopéva pog os dvo
TVaKeg Kal va BEAOUE va TA CUVEVWOOUUE Ot £vav, £(TE KATA YPOAUUEG £(TE KOTA OTNAEC. 2TN
OUVEVWON O YPOUUEC WUmopel va xpnolpomolnBel np. ((a, b), axis=0) n
EVVOAQKTIKA np. ((a, b)) (K. 2.4.12- Juvévwon Twvakwv - kabetnK. 2.4.12). Onola
gmAoyn Kal va xpnolpomnolnBel to amotédeopa eival 8lo. Itn ouvévwon oe otnAeg umopsl va
xpnotwuornownBel np. ((a, b), axis=1) N €VOAOKTIKA np. ((a, b)),

TAAL OTtoLa emAoyn Kol va xpnotpomnolnBei to amotéAeopa ival idwo (K. 2.4.13).

import numpy as np

a = np. ([rx, 21, [3, 411
b = np. (CLs, o1, [7, 811)
# Juvévwon ratd TLC ypoauupég (axis=0)
chl = np. ((a, b), axis=0)
# EVvoAAoKT LXKX np.vstack((a, b)) - xr&Betn évwon (LocodUvoauo pe axis=0)
ch2 = np. ((a, b))
print (chl)
print (ch2)
#1010 amotéAeopa yia ta chl, ch2
#L[1 2]
[3 4]
[5 6]
[7 81]

K. 2.4.12- Suvévwan MVAKwYV - KAYETN

import numpy as np

a = np. (rrL, 21, [3, 411)
b = np. ([Ls, o1, [7, 811)

# Tuvévwon ratd TLC ypappécg (axis=1)
chl = np. ((a, b), axis=l)
# Evoddoxt k& np.hstack((a, b)) - optldévitia évwon (LocodGvapo pe axis=1)
ch2 = np. ((a, b))
print (chl)
print (ch2)

#Id10 amoTéreopa chl, ch2

#[[1 2 5 6]

[3 4 7 8]]

K. 2.4.13 - Juvévwon mvakwy - opl{ovtia

2.4.6. ALOXWPLOPOC TUVAKWY

Yrapxouv moA\ol tpdmolL SlaxwplopoU TIWVAKWY HE XPNon Twv ouvaptnoewv tng BLBAlobrnkng
Numpy. Etol £xoupe Sloxwplopd os oa pépn, e Xpnon te np. (K. 2.4.14), o evéAkTo,
SloxwpLopo ylati Séxetal Kot pn (0o SLaxwpLoUO.SLoXWPLOUO HE Xpron TG np. (K.
2.4.15), o dlodlaotatoug TvVaKeg KAOeTOC Sloxwplopog (katd othAeg - K. 2.4.16) pe xpnon g
np. , 0g 61061a0TaTOoUC TtivaKkeg 0pl{OVTIOC SLaXWPLOUOG (KaTd YPoUUES - K. 2.4.17) ue xpnon

™G np. , Kal e xpnon Seiktwv (m.x. np. (a, [2, 4]1) - K.2.4.18).
import numpy as np

a = np. (rx, 2, 3, 4, 5, 6])

# Xwplloupe oce 3 (oa uépn
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parts = np. (a, 3)

print (parts)

#larray ([1, 2]), array([3, 4]), array([5, 6])]
K. 2.4.14 - Ataywptouog mvakwv — o€ (oo uEpn

import numpy as np

a = np. (rx, 2, 3, 4, 51)

# Xwplloupe oe 3 pépn (dev eilval (oa, oaAA& 1O K&VEL)
parts = np. (a, 3)

print (parts)

#larray([1, 21), array([3, 41), array([5])]
K. 2.4.15 - Ataywplouog mvakwy — o€ un loa UEpn

import numpy as np
b = np. (rer, 2, 3, 41,
[5, 6, 7, 811)
# OpLloévtioc dlLaxwplopde (RKATd YPUuuéqg)
top, bottom = np. (b, 2)
print (top)
#0[1 2 3 4]]
print (bottom)
#[[5 6 7 8]]
K. 2.4.16 - Ataywptouog mvakwv — Kadetog SLaywplouog

import numpy as np
b = np. (ree, 2, 3, 41,
[5, 6, 7, 811)
# K&Betog dlLaxwplopdg (Katd OTHAEQ)
left, right = np. (b, 2)
print (left)
#1[1 2]
#[5 6]]
print(right)
#[[3 4]
#17 8]]
K. 2.4.17 - Atoaywptouog mvakwyv - Opt{ovtiog SLaywpLouog

import numpy as np

a = np. ([1o0, 20, 30, 40, 50, 601)
# Aloaxwplopdc ortoug deixkteg 2 xoL 4
parts = np. (a, [2, 4]1)

print (parts)

#larray ([10, 20]), array([30, 40]), array([50, 60])]
K. 2.4.18 - Ataywplouog mvakwy - Me Seikteg (indices)

2.4.7. tolBa&n (Stacking) mwvakwv

H otoifagn (stacking) otn BLBAL0Orkn NumPy xpnotomnoleltal wote va «oTolBAloupe» mivakeg poll
(oav otpwoelg mvakwv). Eival dtadopetikd and tn cuvévwon (concatenate), ylati pe t otoifagn
npooBetoupe véo dfova. Exoupe otolfafn katd pnkog véou opllovilou afova e XPHon Tou
np. (K. 2.4.19). Emiong pe xprnon Tng MOPAUETPOU axis=1 TNG np. LOPOUUE VO
Snuloupynooupe otoifagn katd pRkog véou kaBetou dfova (K. 2.4.20). Ymdapxel Suvatotnta
otoiBa&n oe évav oplldvtio afova pe xprion g np. (K. 2.4.21). Evw téAog N np.

otolPBalel katd Tov Tpito dfova, cav oTpwoeLS elkovag (K. 2.4.23).
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import numpy as np

a = np. (1, 2, 31)
b = np. ([4, 5, 6])
C = np. ((a, b))
print(c)
#[[1 2 3]

[4 5 6]]

K. 2.4.19 - St0iBaén kata pnkog véou opt{ovtiou aéova

import numpy as np

a = np. ([r, 2, 31
b = np. ([4, 5, 61)
d = np. ((a, b), axis=l)
print (d)
#I[1 4]
[2 5]
[3 6]]

K. 2.4.20- ZtoiBaén karta urjkog véou kadetou aéova

import numpy as np

a = np. ([, 2, 31)
b = np. ([4, 5, 6])
h = np. ((a, b))
print (h)

#[1 2 3 4 5 6]
K. 2.4.21 -3t0iBaén o€ €vav optlovtio aéova

import numpy as np

a = np. (1, 2, 31
b = np. ([4, 5, 61)
h = np. ((a, b))
print (h)
#[[1 2 3]

[4 5 6]]

K. 2.4.22-3toiBaén (stacking) mvakwv - o€ kadeto aéova

import numpy as np

a = np. (1, 2, 31
b = np. ([4, 5, 61)
d = np. ((a, b))
print (d)

#LL[1 4]

#[2 5]

#[3 6111

K. 2.4.23 - ZtoiBaén (stacking) mivakwv — 2 Badocg (depth)

2.4.8. Metadoon (Broadcasting)

To Broadcasting otn BtBAloBnkn NumPy eival pla woxupn Asltoupyia TOU HOG ETUTPETEL val
EKTEAOUE QPLOUNTIKEG TIPALELG O TIVOKEG SLAPOPETIKWY OXNUATWY Kal HeyeBwv ampookKomta.
Otav ekteleite Mpagelg o Mivakeg e acLUBata oxrfuata, to Broadcasting emekteivel autopata Tov
MLKPOTEPO TIVOKO WOTE va Tolplalel pe To UEyeBog Tou peyaAltepou Xwplg va avtypddel otny
paypaTikotnTa Tot Sedopéva. Auto kablotd to Broadcasting évav amoteAeopatiko Kat GAKO Tpog

TN UVAN TPOTIO YLa TNV EKTEAECT IPALEWVY VA OTOLXELO O& TtivaKe TTOLKIAWVY SLa0TACEWV.
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H NumPy, eivat n BBAoBnkn yia apBuntikolg umoAoylopoug otnv Python, €xel kepdioel
SNUOTIKOTNTA €V PEPEL AOYW TETOLWV XOPOAKTNPLOTIKWY, cUUTepAappavopévng tou broadcasting.
AUt n Aewtoupylkotnta amhomolel onuavtikd Ttn Sladikacia Xelplopol HeyAAwv OUVOAwWV
6ebopévwv Kal €eKTEAEONG OUVOETWV HABNUATIKWY TPALEWY, KABLOTWVTOG TOV KWOLKA TILO

E£UAVAYVWOTO KAL CUVOTTIKO.

H petadoon oto NumPy akoAouBel SUo Baoikoucg Kavoveg yla vo dtaodpaliosl ot eival Suvatég ol

AELTOUPYIEG HETALY TUVAKWY SLAPOPETIKWY SLOOTACEWV:

1. JupmAnpwon Mikpotepwv Mvakwv: EGv oL eumAekOUEVOL TIIVOKEG €XOUV SLOPOPETIKO aplOuUo
Slaotdoswy, TO OXNUA TOU HLKPOTEPOU TIVOKA CUUMANPWVETOL OUTOMATA LE HOVASEG oOTnv

0pLOTEPN TOU MAEUPA LEXPL KaL oL SU0 TiVaKEG va €xouv Tov (610 aplBuod Slaotdcewvy.

2. Taiptaopa dtaotdoswv: Na kaBs dlaotaon, dv Ta PeyedDN twv Svo Tvakwy Sev talplalouvy, o
Tiivakag pe pHéyeBoc 1 o authv TN SLACTACN TEVTWVETAL YLO VO TALPLALEL UE TO HEYEBOC TOU AAAOU
Tiivoka. AUTO AELTOUPYEL POVO €AV £VaG ATIO TOUG TIVOKEG €XEL PéyeBog dlaotaoncg 1 ) kot ot SUo

£€xouv 1o (610 péyebog og authv tn dlactaon.

Avutol ol kavoveg Staodalilouv OTL n petadoon UMopel va eMeKTEIVEL TOUG TIIVAKEG IE TPOTIO TOU
ETUTPETEL OUOAEG KOL OTMOTEAEOUATIKEG AElToupyieg ava otolyeio. Qotdco, edv dev mAnpouvTal

aUTEG ol mpolmoBéoelg, To NumPy Ba epdavioesl éva ValueError.

‘Eva mapdadelypa Broadcasting amd tnv mpaypotikn {wn eival n olykplon Slopopwv LETPOEWV
Ykedteite £vo 0EVAPLO OTIOU £XOUE UETPNOELS TPLWV ATOUWY, OMwE Tto YPog (cm) kat to Bapog (kg)

(Mivakag 2.4.1 - Aebopéva'Ypoug kat Bapoug

187 83

175 68

Mivakacg 2.4.1 - Aebouéva Youc kat Bapoug

MrmopoUE va QvomapOoTHOOUHUE OUTA Ta dedopéva xpnoldomouwvtag Tivakeg NumPy, omwg

daivetal otov K. 2.4.24 - Kwdikag Python yia Snuioupyla mivaka Ypwv kot Bapwv Numpy.
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#II{vakoe YOV Kol Bopdv

import numpy as np

heights = np. ([170, 187, 1751)

weights = np. ([72, 83, 68])

#0L arkdAouBeg ypouuéc elval anmAdg yio okonoUg euedvLong, E€IOUEVKOC )
IPOCOHNKN TOUg €(val €VIEADNC TPOALPET LKI

print ("Heights:", heights) #Heights: [170 187 175]

print ("Weights:", weights) #Weights: [72 83 68]

K. 2.4.24 - Kwébikag Python yia Snutoupyia mivaka Y wv kot Bapwv Numpy

MrmopoUpe va aflomoljocou e tn petadoong (Broadcasting) wote va untoAoyiloupe to Aeiktn Malag
Jwpatog (AMZ) kat yla ta Tpla dtopa Tautdxpova, auto yivetal av otov K. 2.4.24 mpooB£GOUE TIG
akOAouBeg ypappég kwdika (K. 2.4.25). H edappoyn g wWbiotntag petadoong tng PLBALoBnkng
NumPy KAvel autov Tov uTtoAoylopd amAo. H £€odog mou spdaviletal wg to teAeutaio ooAlo Tou

Kwoka K. 2.4.25 aviumpoowrneVel TIG TIHEG AME yia ta Atopa A, B kat I, avtiotoya.

#Ymoloyloudc Aeixrtn M&lag Zopatog (BMI)

heights meters = heights / 100 # Metatpénel ta Uyn amd eXATOOTA O PETEX
bmi = weights / (heights meters ** 2)
print (bmi) #Ymoloyliopdg Aeixtn M&loag Sdupotog (BMI): [24.91349481

23.73530842 22.20408163]
K. 2.4.25 - YrnoAoyiouog Asiktn Malag Zwuatoc (BMI)

YTa mponyoupeva mapadelypata, XpNoLUOTOLCOUE LEPLKEC BACLKEG cuvapTroslg NumpPy:

e numpy.array(): Anuoupyel éva mivaka NumPy amd ouykekplpéva Sedopéva. Iuvtaln:
numpy.array(object, dtype=None, copy=True, order='K', subok=False, ndmin=0)

e numpy.ndarray. truediv (other): Extehel Siailpeon ava otolyeio petaly SUO TUVAKWV.
Yuvtagn : arrayl. truediv (array2)

e numpy.ndarray. pow (other): AveBalel kdBe otowxelo tou mivaka otn SUvaun Tou

avtiotolyou otolxeiou og €vav GAAo Tivaka. Zuvtagn: arrayl. pow (array2)

Autéc oL Aewtoupyieg, otav ouvdudalovtal He TN Uetddoong (Broadcasting), emitpémouv
QIMOTEAECHATIKOUC OpLOUNTIKOUG UTIOAOYLOMOUG. AG E€EPEUVHOOUE LEPLKA ETILMAEOV TTapadelypaTa
MeTAdoong yla va dei€oupe TNV gueliia tng. Zto napakdatw napadeypa (K. 2.4.26) n scalar tyun 5

petadidetat/epapuoletal (mpdoobeon ebw) og kAbe atolyeio tou arr.

import numpy as np

arr = np. ([1, 2, 31)
scalar = 5

result = arr + scalar
print(result)

#[6 7 8]

K. 2.4.26 - Mapadeyua 1: Mpoodnkn utac Baduwrtrc (scalar) tiunc o€ évav nivaka Tipuwv

Ze qUTAV TNV TteplmTwaon, o Tivakag arr2 «petadidetal» wWote vo TaLPLAEL LE TO OXAIL TOU TIiVOKa

arrl. Mpoooxn, 6ev yivetal MOAAMAOCLACUOG TIVAKWY OTIWE QUTOC £lval yvwoTog otnv aAyeBpa
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TIWVOKWY, OAAQ yivetal TOAAAMAQOLOOUOG HETalU otolxeiwv (element-wise) mou PBplokovtal o€

avtiotolyn B€on.

import numpy as np

arrl = np. ([rx, 2, 31, [4, 5, 611)
arr2 = np. ([10, 20, 301)

result = arrl * arr2

print (result)

#0[ 10 40 30]
#[ 40 100 180171
K. 2.4.27 - Mapadeiyua 2: «[ToAAanAaotaouds» mvakwv Ue SLOPOPETIKA oxNUaTA

Itnv mepintwon mou €xoupe dUo Tivakeg Twv Slwv Slaotacswv o «MoAAamAaclacpuog» eival
METAEL otoelwv (element-wise) mou Ppiokovtatr otnv St Béon. Ztnv Ewova 2.4.1 -
«MoAhamAactoopog»  Mwvakwv  (Slwv  Slootdcewv  dailvetal o  TPOMOG TOU  ylvetal o
«TOAAQITAOCLOOUOG» OMwE opiletat otn BLBALOBRkn Numpy. Emtiong o K. 2.4.28 sival o avtioTtolyog

Kwdkag og Python mou uAomolel autol Tou TUMOU ToV TIOAAATTAQCLOOUO.

A B C
1 2105 6] _[5 12
[3 4.x[7 8]_[21 32
(1x5)=5)
(2% 6)=12
(3x7)=21
(4 x 8) =32

Ewkova 2.4.1 — «loAdanAactacuoc» Mvakwy (Stwv Staotaoewv

import numpy as np

arrl = np. ([[1,21,[3,411)
arr2 = np. ([[5,61,[7,811)
print(np. (arrl,arr2))
#[[ 5 12]
#[21 32]]

K. 2.4.28 - MoAAamAaotaouog mivakwy Slwv SLaotaoewv

2.4.9. YuvnBelc mayideg tng uetadoong (Broadcasting)
Evw n petdadoon eival eEalpeTikd XproLn, Umopsl va odnynoel oe mibavég mayideg v bev
xpnotuomnotnBel cwotd. EToL pla mpwtn mayida eival ot acluPateg Slaotdoelg. Edv ol mivokeg

€xouv acLUBaTeC SLOOTACELG, N PeTddoon Ba amotUXeL, SnUloupywvtag éva ValueError.

import numpy as np

arrl = np. (L1, 2, 31)
arr2 = np. ([4, 51)
result = arrl + arr2

K. 2.4.29 - lNivakeg éyouv aocUuBatec SLOTATELG
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ValueError Traceback (most recent call
last)
/tmp/ipython-input-949947271.py in <cell line: 0>()
2 arrl = np.array([1l, 2, 31)
3 arr2 = np.array([4, 5])
-—---> 4 result = arrl + arr2

ValueError: operands could not be broadcast together with shapes (3,)
(2,)

E. 2.4.1 - Mrjvuuo opaAuatocg ya mpaén UeTaél mvakwv Ue aoUUBATEG SLAOTAOELG

Emtiong €av ot S1a0TACELC TWV TIVAKWVY SeV €lval cwoTd sUBUYPAUULOUEVEG, N LeTadoon evdExeTal
va amodEPEL anmoTeAECUATO TTOU SLOPEPOUV ATTO TA AVOUEVOUEVO, OTWE OTo Tapadelypa tou K.
2.4.30 - Mn avapevopeva amoteAéopota edpapuoyng petadoons. ESw, to arr2 petadidetal kotd

UAKOG TwV CElpwV Tou arrl.

import numpy as np
arrl = np. (rrx, 2, 31, [4, 5, 611)
arr2 = np. ([[101, [2011)
result = arrl + arr2
print (result) #[[11 12 13]
[24 25 26]]
K. 2.4.30 - Min avauevVOUEVX TOTEAECUATO EQAPUOYNG UETASOONG

2.5. Zuvaptnoelg, AAyeBpikég Mpatelg kat EAeyxoL ZTolxelwv Mvakwy

2.5.1. JuvaptAoelg cuvaBpolong

Ytn NumPy unapyouv moAAEC cuvaptroslg ouvaBpolong (aggregation functions) mou umoAoyilouv
nieplypadLkol¢ oTaTloTkolC SeikTteg Keviplkrg B£oelg Kal dlaomopdc and dedopévo os TMIVOKEG,
Selkteg OMWC T Mmax, min, sum, mean K.a. H xprion Twv 1o Bactkwv omd aUTEC MAPOUCLALETAL OTO

K.2.5.1

import numpy as np

a = np. (rcx, 2, 31,

[4, 5, 6]11)
print("Sum:", np.sum(a)) #ABpoloua: 21
print("Min:", np.min(a)) #EAG) LOoTO: 1
print("Max:", np.max(a)) #MéyLoto: 6
print("Mean:", np. (a)) #Méocog Opog: 3.5
print("Median:", np. (a)) #Ai&pecog: 3.5
print("Std Dev:", np. (a)) #Tunmik AnmdxkAilon: 1.707...
print("Variance:", np. (a)) #ArtoxUuovon: 2.916...

K. 2.5.1 - Suvaptnoeig cuvadpotong tng BiBAtodrkng Numpy
MTopoU e VA UTIOAOYIOOUME TIUEG KOTA YPAUUEG N KATA OTAAEG E XPHON TNG TIAPAUETPOU axis,

onw¢ dpaiveral oto K. 2.5.2.

import numpy as np
a = np. (re1, 2, 31,
[4, 5, 611
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print ("A6polopa oavd otnAn:", np.sum(a, axis=0)) #A6polouax avd othAn: [5 7

9]

print ("A6poilopa ovd ypouun:", np.sum(a, axis=1l)) #ABpolopa av& ypoupn: [ 6
15]

print("Méyioto avd otnAn:", np.max(a, axis=0)) #MéyiLoto avd othAn: [4 5 6]
print ("EAGyL1oto ovd ypoupn:", np.min(a, axis=1)) #EA&xLoto oavd ypouun: [1

4]

K. 2.5.2 - Juvaptrioelg ouvadpolong katda afova

Yrapxouv kol GAAEC ouvaptnoelg cuvadpolong, OmMwg oL cumsum, cumprod, argmax, argmin Kot

unique. H xprion toug dpaivetat otov K. 2.5.3 - AANeG cuvaptrioelg cuvabpolonc.

import numpy as np
a = np.array([[1, 2, 31,

(4, 5, 611)
print ("Swpeut kb &Bpolopx:", np.cumsum(a)) #Zwpeutlxkd &Bpoloua: [ 1 3 C
10 15 21]
print ("Swpeut kb yivouevo:", np.cumprod(a)) #Zwpeutlkd ylLvdusvo: [ 1 2
C 24 120 720]
print ("@éon tou péyiotou:", np.argmax(a)) #O0féon tou péyLorou (5)
print ("@féon tou eA&yxlotou:", np.argmin (a)) #0éon tou eAdxLotou (0)

print ("Movadlkég TLuéc:", np.unique([1,2,2,3,3,3])) #Movadlkéc TLuéC:
[1 2 3]
K. 2.5.3 - AAAe¢ ouvaptnoeig ouvadpolong

[np.aggregationJ

Baowka ITATIOTIKE
sum, min, max, mean, median std, var, ptp
ZWPEVLTLKA AelKkTEC
cumsum, cumprod argmax, argmin
v

AN
prod, unique

Ewkéva 2.5.1 - OAec ot ouvaptroslg cuvadpolong
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2.5.2. MoAamhaclaopog Mvakwy

O tpdmog ulomoinong tou aAyePpkol mMoAamAaclacpol TIWVAKWY HE Xpnon tng BLBAloBnkng
Numpy tng Python eival kanwg dtadopeTikwy. ApXLKA 0¢ ToV oplooupe cUpdpwva Pe TNV AAyeppa
TUWVAKWY. O MOAATAOGLACUOG TILVAKWY OTNV GAYERPA MIVAKWY YIVETAL OTIWE MOPOUCLALETAL OTNV
Ewkova 2.5.2, amd tnv e£lkova eivol €0KOAO va KATOAABEL KAMOLOG MwC ylvetal o oAyeBplkog
noAAamAacLlaopog rvakwv. H BBALobrkn Numpy tng Python €xel tn nuéBodo dot () Twv mvakwy TG
BBAL0BNKNG Numpy wote va ulomolel tov alyePpiko moAamAaclacuod mvakwy. H ulomoinon oe

Kwdka ¢aiveral oto K. 2.5.4.

TS 69 22
[3 4 ><[7 8]:[43 50]

(1 x5)+(2x7)=19
(1x6)+(2x8)=22

(3 xXx5)+(4x7)=43
(3x6)+(4x8)=50

Ewkova 2.5.2 - AAyeBpikdg MoAAamAaotaouog Mvdakwv

import numpy as np

A = np. ([01,21,03,411)
B = np. ([[5,61,07,811)
print (np. (A,B))

#[[19 22]

#[43 5011

K. 2.5.4 - AAyeBpikog MoAdamAaciaoudg Mivakwy Ue xprion tne BiBAwodrikng Numpy

Enionc umapyet kal GAAOG £vag TPOmog yia va yivel o TOAAQTAQCLOOUOC HETAEY SUO TILVAKWY, UE TN
xpnon tng ocuvaptnong multiply() (K. 2.5.5). e autn TNV nepimtwon oL S1aoTtdoelg Twv SU0 MVAKWY

TPEMEL va TALPLA{ouV.

import numpy as np

rowl = [10,12,13]

row2 = [45,32,160]

row3 = [45,32,16]

nums_2d = np.array([rowl, row2, row3])

multiply = np.multiply(nums 2d, nums_2d)

print (multiply) #[[ 100 144 169]
[2025 1024 256]

[2025 1024 2561]]
K. 2.5.5 - AAyeBpikog MoAdamAaoiaoudg Mivakwy pe xprion tng ocuvaptnong multiply tng 8t8Atodnkng Numpy
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Jtnv alyePpa mvakwv opiletal n €vvola Tou avaotpePuou mivaka. Ma va yivel n avaotpodn tou
Tivaka uttoAoyiloupe tnv opilouvca (determinant) kal Petd mpoomaBboUpe vo UTtOAOYICOUNE TOV
avaotpodo (inverse). Evag mivakag A elvatl avaotpePpog av Kat povo av n opilovcad tou det(A)=0.
Me tn BonBela tng BLBAL0BAKNg NumPy tng Python pmopel va umoAoylotel o avaotpodog mivakag
pe xpnon tng numpy.linalg.inv(A), eddoov umdpxel o avaotpodog mivakac. O kKwdikag eivat oto K.

2.5.1.

import numpy as np
# Oplopdg mivaxko

A = np. (rrz, 11,05, 311)
# Ymoloyloudg opllouocag
det A = np. . (R)

print ("Opidovoa:", det A)
# EAeyxog ov eglval avaotpéPLuog

if det A '= 0:
print("O nivaxoac eival avaotpélipog.")
A inv = np. . (A)
print("ov&otpopoc mivaxac:\n", A inv)
else:

print("O nmivaxoag AEN eival avactpévipoc.")
K. 2.5.6 AvTLOTPEPLUOG TTlvaKAG

2.5.3. Awaipeon mvakwv

Ztn BLBAL0BNKN NumPy n «Slaipeon mvakwv» eV eival oplopévn Pe TNV KAAOLKA €vvola (OTwg Tt.).
n npocBeaon 1 o MoAAAMAQOLAOUAC). 2TNV AAYEBPA TILVAKWY, OTAV AEUE OTL «SLALPOUE» Evav TIVOKA
A pe évav mivaka B, 0TV mpaypotikotnta evoolpe A/B = A-B™* 6nAadr moAamAaotacpos tou A

ue tov avtiotpodo tou B, epocov o B sival avactpéPLuog.

‘Eotw AOLOV oL TVOKEG

1 2 2 0
.4_(3 4). 5 (] 3)

MpoimndBeon yla va yivel o TOAAMAQCLACUOG EVOG THivaka A e TOV avTioTpodo mivaka Tou B sival
o mivakag B va elvat avaotpéPuog (dlakpivovoa tou B - det(B)%0). Emiong, otnv yAwooa
TPOYPOUUATIOHOU Python mavta xpnotpomolovpe A @ np.linalg.inv(B) kat moté A / B yio aAnBuwn
Slaipeon mwvakwv (K. 2.5.7).
import numpy as np
# OpLoudc miLvEAKLY
A = np. (rrx, 21,

[3, 411)

B = np. (rrz, o1,
(1, 311)

# Ymodoyloudg avilotpdbeou Tou B
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B inv = np. . (B) #YmoldoyilelL tov aviioctpopo B” (-1)
print("Avtiotpopog B*(=1):")
print(B_inv)

# Alalpeon: A/ B =A @ BM(-1) A / B pe / K&vel OTOLXELOKEVIPLKA dlalpeon —
dev elval dlLalpeson mivdkov!

result = A @ B inv #Extedel moAAamAooloopd mLVEAKOV (OXL OTOLXELOKEVIPLKO)
print ("\nAnotéArecoux A / B = A @ B*(-1):")

print(result)

#Avtiotpopog B-1:

#[[ 0.5 0 ]

$ [-0.16666667 0.33333333]]
#AnotTéAeopa A / B = A @ B-1:
#[[ 0.16666667 0.66666667]

$ [ 0.83333333 1.33333333]]
K. 2.5.7 NMoA\amAaoLapog nivaka pe avtiotpodo SeUtepou mivaka

2.5.4. Baowkol TEAEOTEC - ZUYKPLON OTOLXELWY TIVAKWY
H otolewwdng (element-wise) Aoylkry cUyKpLON OTOLXELWV TILVAKWY £va TIPog €va otn BLBALoBnkn

NumPy yivetal pe teAeoTéG I e ouvapTnoEeLS. XTov Kwdika K. 2.5.8 eival pe teAeoTtég oUYKPLONG.

import numpy as np

a = np. (11, 2, 3, 41
b = np. (I1, 0, 4, 41)

a == Db # [ True False False True]
a '= b # [False True True False]
a < b # [False False True False]
a > b # [ True True False True]
K. 2.5.8 - AoyLKI) OUYKPLON OTOLXE(WV TILVAKWV

EvaAdoktikd n BLpAloBnkn Numpy pag Sivel ocuvaptrioelg onwg n equal, not_equal, greater,
greater_equal, less, less_equal, 6mou evepyolv w¢ LOOSUVOUEG CUVAPTAOCEL LE TOUG AOYLKOUG
teleotéq. O KWOWKOCG XPAONC TOUG KAl TO QTNMOTEALCUATO TIOU Slvouv Ot eVOELKTIKO TtapAdeLypa

daivovtat otov K. 2.5.9.

import numpy as np

a = np. ([1, 2, 3, 41)

b = np. ([1, 0, 4, 41)

np. (a, b) # a==b - array([ True, False, False, True])

np. (a, b) # alb - array([False, True, True, Falsel])

np. (a, b) # a > b - array([False, True, False, Falsel])

np. (a, b) # a > b - array([ True, True, False, Truel)
np. (a, b) # a < b - array([False, False, True, False])

np. (a, b) # a <= b - array([ True, False, True, Truel)

K. 2.5.9 - JuvaptrioeLs oUYKpLONG TILVAKWY

Eav Béloupe va ocuykpivoupe otolyela TVAKWY OTOLXElo TPpo¢ oTolxelo OAAA pe SLadOPETIKEG
Slaotdoelg, TOTe n duvatotnta epapUoyng TNG TEXVIKNAG petadoong (broadcasting) tng BLBALOBNKNG
Numpy TtdAL pmopei va pag dteukoAbvel (K. 2.5.10, ypoppég KWKo 4-5), evw olykpLon Umopei va

vivel kat pe évav aplOuod (scalar - K. 2.5.10, ypoupéG KWK 6-7).

import numpy as np
A = np. (rr1,2,31, [4,5,611)
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vV = np. (r1,2,31)

A == v # ouykplivel x&Be ypauun pe 1o v (broadcast) - array([[ True, True,
True], #[False, False, False]])
A > 3 # ouykplivel pe scalar - array([[False, False, False],

#[ True, True, Truell])
K. 2.5.10 - ZUykpLon OTOLXE(WV TLVAKWVY UE SLOPOPETIKEG SLAOTAOELS

2.5.5. ZUykplon TVAKWY OTOLXELWV TPOC OTOoLKElD

H BLBALoBnkn Numpy SLaBETEL TPOTIO CUYKPLONG OTOLXELWY TWV TILVAKWVY €va TPOG £va OToLXElo Kol
pe Aoyikég paokeg(Boolean masks) i emloyn otolxeiwv. K. 2.5.11 Sivetal ev8elKTIKO Tapddelypa
Sladopwv emhoywv. Itn ypauun 4 dnuloupyeital pa paocka n onoia edpappoletal wg GpiAtpo oto
Tiivako a otn ypappn 5, He oAU ALto tpdmo. Itn Ypopp 6 £XOUME L mepimtwon ebopuoyic if/else
ava otolyeio, otn ypauun 7 taiplacua B£c0swv Kal otn ypoppn 8 tnv aval)tnon € CUVIETAYUEVEG

S1o81ATEG KAl Avw.

import numpy as np

a = np. (1, 2, 3, 41)
b = np. (1, 0, 4, 41)

mask = (a '= b) & (a > 1) # mpoocoxn otLg mapevbéceLlg ue &, |, ~ -
a[mask] # oLATpdplLopa pe pdoxa.

An&vtnon: array([2, 31)

np. (a == b, a, -1) # if/else av& ctolxelo

An&vinon: array([ 1, -1, -1, 417)

np. (a == b) # Béocelc mou TalLpL&louv

An&vtnon: (array ([0, 3]),)

np. (a == b) # ouvtetayuéveg (2D+) mou TaLpLl&louv
An&vinon: array([[0]1, [311)

K. 2.5.11 - S0ykpton mvakwv e Aoytkéc MAokeg kat emtAoyr) oToxeiwv

YTAPXOUV OPWE KoL OKOUO TIEPLOCOTEPEC EMIAOYEC YLOL CUYKPLON TILVAKWY OTOLXELWV TPOC OTOLXELD
pe éleyyo tumou “6Aa/kamoto”. Ytov Kwdika K. 2.5.11 umopoUpe va CUUMANPWOOUE TIC YPOUMES
tou K. 2.5.12, otov omoio n mpwTn Ypopun KAVEL EAeyxo av sival oAa iSla kal n §g0tepn av UTIAPYEL
KAmolo peyaAltepo

(np.all(a == b)) # O6ra (dLa;

An&vinon: np.False

(np.any(a > b)) # undpxel x&molo peyoAUTIEPO;

An&vinon: np.True
K. 2.5.12 - EAeyyog tumou oAa/karmoto

Ztn BBAoONAKkN Numpy UTtdpxel Suvatotnta yla cUYKPLON TIWVAKWY OTOLXELWV TPOC OTOLXELO -O€
nepintwon apBpoug kvntrg umtodlactoAng (float) pe SLakpLto TPOMO LE Xprion AvVOXWV. ZUCTAVETAL
va 1NV XPNOLUOTOLE(TAL TTOTE POVO TO == yla aplBuoug kvntr¢ unodilaoctoAn (floats), aAhd mavta
va Bétoupe avoxég. O K. 2.5.2 Sivel éva oXeTIkO mapddelypa omou to rtol eival n oxetikn avoxn,
OUTN N TIUPALETPOC OPIEL TO OMOSEKTO OXETIKO OPAAU HETAEY TNG EKTILWUEVNS AUONG KOL TNG
okplBouc Abong. Muwa pLkpotepn Tl UTOSEIKVUEL (la auotnpotepn avoxn. Evw to atol eival n
omoAUTN avoxr, OUTH N MAPAUETPOG KaBopilel To amodektd amoAuto obdApa. Opilel €va 6pLo yla
v ehaytotn amodektr Stapopd petafd TG EKTIHWHEVNG AUONC Kal tng akptBouc Abong.
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import numpy as np

X = np. ([0.3 + 0.6, 1.0])

y = np. ([0.9, 1.01)

np. (x, y, rtol=le-05, atol=1le-08) # [ True True]
np. (x, v) # True

Mivakac 2.5.1 - 2Uykplon aptduwv Kvntrng umodLaotoAng

Me tn BLBAL0OAKN Numpy propoU e vo SLOXELPLOTOUUE KAl TNV TIEPIMTWON CUYKPLOEWY Lo TLHEG U
oplBuntikég (Not a Number — NaN) ) kot aMeg el8ikég eputtwoel. Mapadeiypata divovral oto K.
2.5.13. H npwtn ovykplon (ypapur 3" tou kwdika) adopd cUyKPLoN TOU TIHVAKA E TOV E0UTO Tou. H
isnan yla €Aeyxo av kamolo otolxeio sival NaN, n array_equal yia akopa €va tpomo eAéyyou
LOOTNTAG TOU TIVOKA PE TOV £QUTO TOU Kal array_equal pe mapapetpo equal_nan=True Omou pe

QUTOV ToV TPOTOo petplovral to NaN wg loa K. 2.5.13.

import numpy as np

zZ = np. ([np. , 1.01)

z == z # [False True] (1o NaN dev L(ooUTtal pe TOV €autd TOU)

np. (z) # [ True False]

np. (z, z) # False (10 NaN dev LooUTQOLl ue TOV €xuTtd TOU)
np. (z, z, equal nan=True) # True (uetpdviac ta NaN wc (oa)

K. 2.5.13- NaN kat dAAEC ELOIKEG TEPUTTWOELG

MevIKOTEPEG GUUBOUAEG yLa TN oUYKPLON TILVAKWY OTOLXELWV TTPOG OTOLXELD £lval oL akOAOUBEG:

e OLTeNeoTEC &, |, ~ elval yia mivakeg pe Aoyikd otolyeia (boolean arrays) kat oyt ta and, or, not.
o KaAr) TpakTikn elval n xprion napevlEecewv o UVOETEG AOYIKEG EKDPATELC.
¢ Lo oUYKPLON OAOKANPWV TILVAKWY WC TIPOC LOOTNTA OTOLXELWV TIPOG-OTOLXELO KOl LETA YLa EAEYXO

“Oha loa” kaAUtepa eival va xpnotuomoleital n np.all(a == b).

2.6. Anuoupyla Maokag otn BLBAL0BRkN Numpy

Mua efalpetikd onuovtikn duvatdotnta tg PPAOAKNG NumPy sivalt n Snuoupyia paokag
(masking). Autd onpaivel 6Tl pmopoupe va dnuloupyolue Aoyikoug mivakeg (boolean tables) wg
MAOKEG yLo VoL ETUAEEOULLE, TPOTIOTIOL|COUE ) SLOXELPLOTOUUE OTOLXELa ot €vav AANo Ttivaka. XTov
K. 2.6.1 dalvetal n sdappoyn Hdokag AoylkoU gAéyxou ylo OAa Ta otolxeia evog Tmivoka Kol
OUCLOOTLKG N PETATPOT TOU TIVAKA O AOYIKEG TUMEG amd aplOuntikec. H xprion paokag Pploket
TOAAEG edappoyEC otnv Pndlakn enetepyaoia onpatog Kat elkovag pe €alpetikd peydlo gUpog

edappoywv.

import numpy as np

a = np. (f1, 2, 3, 4, 5, 6])

mask = a > 3

print (mask) # [False False False True True True]
K. 2.6.1 - Epapuoyn Maokag o€ rtivaka
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Me tn Xprion HAoKOC UMOPOoUUE va eTUAEEOUE OTOLXELD, OTIWCE OToV Kwdika K. 2.6.2 Omou emAéyel
uovo toug Juyoug aplBuoug.

import numpy as np

a = np. ([, 2, 3, 4, 5, 6])

print(a[mask]) # [4 5 6]

# AmeuBeloc xwplg evdidueon peTafAntih

print(afa % 2 == 0]) # [2 4 6] (pdévo Ta Cuyd)
K. 2.6.2 - Ertidoyn oTolyeiwV UE udoka

Eniong pe tn xpron pdokag pmopel va tpomonownBolv katdAAnAa ta otolyelo evog mivaka, Onmwg
otov Kwdika K. 2.6.3, 6rou 60a otolyelo Tou Ttivaka £xouv aplOUd HLKPOTEPO TOU 3 Ta LETATPETEL

oe 0.

import numpy as np

a = np. (11, 2, 3, 4, 5,61)
afla < 31 =0

print(a) # [0 O 3 4 5 6]

K. 2.6.3 - Tpomomoinon ue uaoka

Me tn BLBALOBNRKN Numpy eival epIKTO va XpnNOLUOTIOLCOUKE KOl AOYIKOUC TEAEOTEC WG MAOKEG.
Jtov Kwdika tou mapadeiypatog K. 2.6.4 dnuloupyeital €va mivaka and 1o 0 £w¢ To S£KA Kal aTnV
Mpwtn Tepintwon edappoyng Aoyikol tedeot w¢ pdoka ((a > 2) & (a < 8)) emAéyovtal ol
aplOpol peyadltepoL armo To 2 Kol UIKPOTEPOL Ao To 8 Kal SnULOUPYELTAL £va TIVAKAG ULKPOTEPWVY
Slootdoswv. Itn deltepn neplmtwon ((a $ 2 == 0) | (a > 7)) oL aptBuoti 6mou to undAouto
™N¢ dlaipeong toug pe to 2 eival undg, ol uyol 6nhadn n (|) éool ival peyalvtepol Tou 7. Itnv

Tpitn mepimtwon (~ (a > 5)) 6Aot 6ool Sev (™) eival peyalUtepol Tou 5.

import numpy as np

a = np. (10)

print(a[(a > 2) & (a < 8)]) # [3 4 5 6 7]

print(af(a % 2 == 0) | (a > 7)]) # [0 2 4 6 8 9]
]

print(a[~(a > 5)]) # [0 1 2 3 4 5
K. 2.6.4 - \oyikoi TEAEOTEG WG UA oK

Yridapxet Suvatdtnta emhoyng kat pe Snuoupyia Aoykwyv tomou pe if/else avd otolyeio. Itov K.
2.6.5 BAémoupe €va mapadelypa Pe xprion tng pebodou N omola £Xel WG MAPAUETPOUG TN

paoka (mask = a > 25), Tov ivaka Kot TNV TR mou Ba avateBel av ahnBevel n Aoyikn olykpLon

™G HAoKkag.

a = np. ([10, 20, 30, 401)
mask = a > 25

b = np. (mask, a, -1)

print (b) # [-1 -1 30 40]
K. 2.6.5 - ErttAoyr ue Aoyiko tumou if/else

H edappoyn paokag pmopet va emektodel kat og Stodlaotatou mivakeg (ebappoyn otnv PndLlokng
enefepyacia elkovag. tov Kwdika K. 2.6.6, ebapudletal oTtov mivaka m paoka yio vo Bpel Tig JUYEC

TIHEC. H ekTUMWON TNC LAOKOC KaL N EKTUTIWON dapUoyng TS LAOKAG oToV Ttivaka daivovtat
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Sladoyka otig Suo teheuTaleg ypauES TOU Kwdika K. 2.6.6 KoL KATIOLOG UTopel va SLamoTWoEeL TV
gueli€la Mo MapEXEL N XPNon LACKAG, TOOO WOTE EVOC TIIVAKOG VO LETOTPETETOL OE AOYIKEC TLUEC N

va eMAEyovTal oTolxela Tou, BAon AoyLKAC ocuvapTNoNG EMLAOYNAG

m = np. (rex, 2, 31, [4, 5, o1, [7, 8, 911)
mask = m % 2 == 0 # True 6mou 10 OoTOol)XElO elvalL (luyd
print(mask) # [[False True False] [ True False True] [False True False]]

print (m[mask]) # [2 4 6 8]
K. 2.6.6 - Maokeg o€ 2D mivakeg

H edoappoyn paokog av cuvduaotel pe t BLBALOBNKn plot tng Python pmopel va €xel e€alpeTikd
xpnowueg ebappoyes. Na tm PPAoBkn Matplotlib yivetal ekteveic avadopd otnv evotnta 4.2.
Meplypadikn Itatiotikn: Omtikn Mpoogyylon. Itnv elkova Ewova 2.6.2Ewkova 2.6.1 amoTtumwveTal
VPadIKA OTNV apLOTEPN TIAEUPA TNG EKOVAG N ATEIKOVION TOU apXIKoU mivaka pe TIEG 1 €wg 16,
evw otn 8&€la mMAeupd n ameLKOVLON TNG LAoKaG (m > 8) omou amoturiwvovtal True wg Asuko, yla ta
otoela > 8 kot False w¢ pavpo yla ta uTOAouta otolxela. Mo TNV AMEIKOVION QUTh EXEL
xpnoworowinBel kat n BLBALoONRkn plot yla tnv omola uTdpxel ektevel avadopd Oe €MOUEVO
kepahalo. e autd to onueio tou eyxelptdiov o kwdkag amd tn BLBAONKN Matplotlib Ba
aflomonBel povo ywo va embeybel n SuvatodTnTa AMEKOVIONG UE OUVSUAOTLIKAR XPAON Twv
BBALoONKkwv Numpy kot Matplotlib. Itov kwdwka K. 2.6.7 - Kwdikag edbappoyng packag (m > 8)
omou eugavifovral True (Aeuko) yia ta otoeia > 8 kal False (pavpo) kat amelkdvion unapyouv
OXOALOL YLO. TO TL KAVEL KABe UM Tou Kwdika Anploupyia 2D mivaka, Oplopdg paokag, 2xedloon,
Apxikdg Tivakag, Ixedloon Amelkoviong ApxlkoU mivoka, Mdoka, Ixeblaon Amelkoviong mivoka

Mdaokag, Epdavion oxediwv.

, ) 16 , — 1.0
Apxkoc lMivakacg Maoka (m > 8)
—-0.57r —0.5
00r 1 22 3 4 40.8
0.5¢F
1.0 5 6 7 8
2.0 True True True True
16
251
14 3.0+ True True True True 0.2
2 3.3 0 1 2 3

Ewova 2.6.2 - Eqapuoyn uaokac (m > 8) ormou eupavifovrat True (Asuko) yia Tt ototyeior > 8 kat False (uavpo) ko
QATTELKOVLON

import numpy as np

113



import matplotlib. as plt
# Anuioupyla 2D mivaro
m = np. (1, 17). (4, 4)

# Oploudc pdoxrag: True o6mou T oTolyelo > 8
mask = m > 8

# Sxedlaon
fig, axs = plt. (1, 2, figsize=(8, 4))

# Apx lrO6C mivakog
iml = axs[0]. (m, cmap="Blues", interpolation="nearest")

axs[0]. ("Apx LxrOg IIivaxog")

#3xedlaon Ameilxdviong ApXLkoU mivoxka

for (i, j), val in np. (m) :

axs[0]. (j, i, val, ha="center", va="center", color="black")
fig. (iml, ax=axs[0])
# M&ora
im2 = axs[1]. (mask, cmap="gray'", interpolation="nearest")
axs[1]. ("M&oxo (m > 8)")

#Sxedlaon Amelxdviong mivaxka M&okog

for (i, Jj), val in np. (mask) :
axs[1]. (3, 1, str(val), ha="center", va="center", color="red")
fig. (im2, ax=axs[1])

#Epe&V LON YA LKOV
plt. 0

plt. ()
K. 2.6.7 - Kwbikag epapuoync uaokag (m > 8) omou eugavilovrat True (Aeuko) yia ta otowyeia > 8 kat False (uowpo) kai

QAITELKOVLON

2.7. TpoxwpnUEVEC TEXVIKEC eUpETNplaoNng

Ze auTn TNV eVOTNTA Ba LEAETHOOUE KATIOLEG TIEPUTTWOELG TIPOXWPNUEVWY TEXVIKWY EVPETNPLAONC.
Mua mpwtn mepinmtwon eivat n AnPn moAAamAwyv otolxelwv mivaka. ApXLKA 0G KAVOUE LA ULKPN
enavaAnyni He €va mapddelypa PAoKNG gUPETNPLAONG UE KTEUAXLOMO» Ttivaka. Xtov Kwdika K.

1.4.1 yivetol «TEQAXLOUOG» TOU TtivaKa a o€ SUO0 TIVAKEG e Xprion eupeTnpiaong.

import numpy as np

a = np. (10) # [01 23 456 78 9]
print(a[2:6]) # [2 3 4 5]

print(al[::2]) # [0 2 4 6 8]

K. 2.7.1 - EupetnploionG UE «TEUOXLOUO» TTIVOKA

A¢ S0UpE OUWG KATIOLOUG ELALTEPOUC TPOTIOUC XPROoNG auThS TG duvatotntag otov Kwdika K. 2.7.2
OpXIKA n ouvaptnon np. (10) Onuwoupyel €vav mivaka okepaiwv amo 0 £wg 9,

ocupnephappavopévwy. O mivakag a tou mpokUTteL eivato [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

Hypauun a[[2, 4, 611 Xpnowormolel tnv mponyuévn Asttoupyia eupetnpiaong tou NumPy yia

va ETUAEEEL CUYKEKPLUEVA OTOLXELO TOU TIVOKA @ 0TOUG SeikTeg mou mapéxovtal otn Alota, SnAadn 2,

114



4, 6.'Etol, n eKTUTIWHEVN £€060C lval 0 TTVOKOC TTOU TIEPLEXEL AUTA Ta EMIAEYUEVA OTOLXELA: [2, 4, 6].
Mpoooxn, o apBuocg tou Seiktn elval (6log pe TNV TIUA TOu Tivaka €MeLSn Yilvetal xprion Ttou

OUYKEKPLUEVOU TTiVaKA a.

import numpy as np

a = np. (10)

print(a[[2, 4, 611]) # [2 4 6]
K. 2.7.2 - Aiota Setktwy - Fancy indexing

Avtiotolxn edappoyn umdpxel kot oe Tivakeg Suo Swaotdcewv (2D). Mopddelypa TETOLOG

epappoyng Exoupe otov kwdika K. 2.7.3.

import numpy as np

m = np. (1, 10). (3, 3)

print(m) # [[1 2 3] [4 5 6] [7 8 9]]

print(m[[0, 2], [1, 21]1) # [2 9] (octoixeloa omd [0,1] kot [2,2])
K. 2.7.3 - Alota Setktwv - Fancy indexing o€ niivakec 6Uo Staotaoewv (2D)

Ag SoUE KATIOLEG TIEPALTEPW TIPOXWPNUEVEC EDOPUOYEC YIO EUPETNPLOON KOL TEUAXIOMO OE €va
ouvluaopo Xprong toug. 2tov Kwdika K. 2.7.4 AapBAveL TIC 2 MPWTECG YPOUMES KoL TLG othAeg O Kot 2,

arto Tov ivaka m.

import numpy as np

m = np. (1, 10). (3, 3) #Efodoc: [[1 31, [4 6]]
print(m[0:2, [0, 211)

K. 2.7.4 - SuvbuaouoC EUPETNPLAONG UE TEUAXLOUO

‘Evag 1o EUEAIKTOC TPOTIOC Xprong slval pe cuvSuoopd eupetnplaong Kal TELAXLOMOU e Xpon TNG

np. . O kwbkag K. 2.7.5 pag deixvel tov Tpomo edbapuoync.

import numpy as np

m = np. (1, 10). (3, 3)

print (np. (m, [0, 3, 51)) # [1 4 6]

K. 2.7.5 - Suvbuaouoc eupetnpiaoncg Ue TepaxLouo Ue tnv np.take()

Edv Béloupe va TApoupe oTolxela amod £va mivoka, YUMopoUUE va epapUOCOUUE KATIOLO amo Ta
mapanavw eite ouvexopeva otolyeia (slicing), pepovwpéva indices (fancy indexing), Aoyikég
ouvlnkec (masking). MNa va AdBoupe cuvSUAOUO AUTWV TWV EMAOYWV UIMTOPOULE VO KAVOUE Xpron
TOU np.ix_ onmw¢ Oa SoUpe apEéowg oto emoOpevo mopddelypa. Me xprAon tou np.ix_ yivetal
ouvbduaotikn emloyr] amno moAAoUG Seikteg ypapuwy/otnAwy, ONwe oto mapddelypa tou Kwdika K.
2.7.6. ETOL umopoU e va emAEEOUE O,TL BEAoUE amo évav Tivaka: cuvexoueva otolxeia (slicing),
pepovwpéva indices (fancy indexing), Aoyikég ouvBrkeg (masking), | mAéyua emloywv (np.ix_). Evag
niivakog 3x3 pe Tiég 1-9, émou pe fancy indexing (m[[0,2],[1,2]]) emAé€ape Ta otoLxela TNG YPAUUAG

0 Kat 2 KAl Twv otnAwv 1 kat 2.

import numpy as np
m = np. (1, 10). (3, 3)
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rows = [0, 2]

cols = [1, 2]

print(m[np. (rows, cols)])
# [[2 3]
# [8 911

K. 2.7.6 - Xprion tou np.ix_ yta ouvduaouo entloywv

2.8. Taflvounon mwakwy
Ag 6oUpe twpa T Suvatotnta tng PLBALOBNRkNg Numpy yla Tafvopnon Twv THwWY Tvakwy. Me
Xpnon tng np. AapBavoupe véo TaglvounUEVo Ttivaka XwpeLg va yivel Tpomomnoincn otov apxko

niivaka (import numpy as np
a=np. (s, 1, 4, 1, 5, o])

print (np. (a)) # [1 1 3 4 5 6]
print(a) # [3 1 4 1 5 6] (dev &Alaie)
K. 2.8.1 - Tafivounon dedouévwy TivaKa, oUTO £lval EEALPETIKA CNUAVTIKO yLoTl Talvopolvtal ta

6edopéva aA\d Sev XAVOUUE T apPXLKA OUTE XWPO OTN MVAUN WOTE Vo amoBnkeUCOUUE TO VEQ

Sebopéva.

import numpy as np

a = np. (s, 1, 4, 1, 5, 6])
print(np. (a)) # [1 1 3 4 5 6]
print(a) # [3 1 4 1 5 6] (dev &AAaie)

K. 2.8.1 - Taéwvounon deboucvwy mivaka

H tagwvopunon unopel va Aettoupynost kat katd dfova, Omwe oto mopadetypa tou kKwdika K. 2.8.2

yla talvopnon katd otnAeg kat tou K. 2.8.3 yia ta€lvopnon Katd YpoppEG.

import numpy as np

a = np. (res, 1, 21, [9, 5, 411)

print (np. (a, axis=0)) # Tafivoéunon xoatd& OTHAEC
# [[3 1 2]

# [9 5 47]]

K. 2.8.2 - Taéwvounon kata otiAeg

import numpy as np

a = np. (res, 1, 21, 19, 5, 411)

print (np. (m, axis=1l)) # TafiLvoéunon KAT& YPUAUUECQ
# [[1 2 3]

# [4 5 9]]

K. 2.8.3 Taéwvounaon katda ypouuUES

‘Eva dAAog tpomog taflvopnong tTluwv pe xpron tng Numpy sival n taflvounon mwvakwv pe T
ouvaptnon np. . Autn n ouvaptnon emnotpeédel Toug deikteg TAflvOUNONG Kal OxXL TLG
TIHEC. Ztov Kwdika K. 2.8.4 n mMpwtn XPnon tng ocuvaptnong np. (a) emoTpédel TOUG
Seikteg mou Ba taflvopouv Ttov mivaka a o avfouoa oslpd. MNa tov mivaka a = [3, 1,4, 1, 5, 6], n
£€060¢ eival [1 3 0 2 4 5] (Béoelg pe avovoa oslpd). Anhadn To pikpoteEpo otolxeio (1) Bpiloketat

oto Seiktn 1 kat 3, to emodpevo UkpdTEPO otolxeio (3) Bploketal oto Seiktn 0, akoAouBel To (4) oto
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Seilktn 2, 1o (5) oto Seiktn 4 koL To (6) oto Seiktn 5. 2t UTEPN XPrION TOU np . , EVIOAN
print(a[idx]) , tafwouel Tov apxlko mivaka a cUpdwva e Toug Seikteg ou emlotpédovtal
amo tnv evtoAn np.argsort(). H £€€060¢ ivat [1 1 3 4 5 6]. Zuvoyilovtag, otov kwdika K. 2.8.4 otnv
TpwTtn €vtoAn print divel Toug deikteg mou Ba taflvopunoouv tov mivaka. Evw otn 6eltepn evioAn
print xpnolpomolel autoug toug Selkteg yla va eudavicsl Tov tafvopnuévo mivaka. Autog eival o

AOyog Ttou €xeL kal SlodopeTikn €€o06o0.

import numpy as np

a=np’ ([31 ll 4’ ll 5’ 6])
print(np. (a))

# [1 3 0 2 4 5] (Béoelc pe avéouoa ot Lpd)

# Xpnon yia tafilvounon "xelpoxivnta"
idx = np. (a)

print(a[idx]) # [1 1 3 4 5 6]

K. 2.8.4 - Xprion tng ouvaptnong argsort()

Mo va taflvounooupe éva mivaka pe ¢pBivouoa oelpd e xprion tg np. N Ing np.

Bo MpETEL val XpNOLUOTIOW| 00U E opiopata TnG Hopdng ::-1 1 -a, ONMwE GAlVETAL OTOV KWSLKA

import numpy as np

a = np. ([3, 1, 4, 1, 5, o])
print (np. (a)[::-11) # [6 5 4 3 1 1]
print(a[np. (-a)]) # [6 54 3 1 1]

K. 2.8.5 - ®Givouoa taévounon

Yrapxel kat Suvatotnta emi tomou tafvopnong (In place) pe tnv ocuvdptnon a. (). AutA n
uEBodog Tativopel Tov Tivaka emi TOMOU, TOU onUAiveL OTL TPOTIOTIOLEL TOV OPXLKO TTivaKa @ XWPLG va
Snuoupyel véo mivaka. Metd amd autrv Tn Asltoupyla, o THVAKOG a TIEPLEXEL TIG TAEWVOUNMUEVEG
TIHEG. 2To Kwdika K. 2.8.6 o teAkd amotédeopa tng print(a) Oa epdavicest tov talvounpévo mivaka

weg[1,1,3,4,5,6].

import numpy as np

a = np. ([3, 1, 4, 1, 5, 6])
a. ()

print(a) # [1 1 3 45 6]

K. 2.8.6 - In place taéwvounon

Ytov Kwbika K. 2.8.7 BAEMOUUE TNV TAELVOUNGCN TILVAKWY Yla oUVOETEC XPNOELG. M0 CUYKEKPLUEVA TO
m[:, 1] elvalyla va emideyolv OAeg oL ypappeég TnG SeUTePNG oTHANG Tou Ttivaka m. OL TLHEG OTh
Seutepn otnAn elvan [7, 9, 5]. H cuvdptnon np. (m[:, 1]1) emotpédel Toug Selkteg mou
Ba tafvopoloav tn deltepn otAAn o avfouoa oslpd. H £€€odog eival [0, 2, 1], urtodelkviovtog Tn
oelpd Twv delktwv Tou Ba tafvounoouv tn Oeutepn otNAn. H evitoAn print(m[idx])
XPNOLUOTIOLEL ToUG SeikTeg TTOU emLoTpEdovtal amo 1o np. (m[:, 11) ([0, 2, 1]) ywa va

ovadlatatouv Tic ypappéc tou m. H taflvopnuévn £€€odog pe Baon tn deltepn otAn Ba sivar [[2 5]
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[3 71 [1 9]]. AnAadn os auto to apddetypo n TeAkn €€060¢ SeiXVEL TIG YPALUEG TOU apxkoL mivaka

m, TOEWVOUNUEVEG LE BAon TIG TIMEG otn deUTeEPN OTNAN.

import numpy as np

m = np. (ces, 71, [, 91, [2, 511)
# Toflvounon ypappdv upe Bdon Tn otnin 1
idx = np. (m[:, 11)

print (m[idx])
#EEodoc [[2 5] [3 71 [1 911
K. 2.8.7 - Taéwvounaon muvakwy - SUVIETEC XpHOELG

EmiAuon cuoTNUATWY YPALULIKWY EELOWOEWV
H ypaupikn aiyeBpa sival £vag BepeAlwdng TOPEAS TWV LABNUATIKWY TTOU £0TLAlEL 0 Sdlavuoparta,
SLOVUOHATIKOUG XWPOUG KAl YPOUULKOUC HETOOXNUOTIOHOUC HETAly autwv Twv Ywpwv. H
KOTOVONON Twv BaoLlKWV evwolwv tng eival kpilowpn yia Sddopeg epoapUoyEC OTNV EMLOTAUN, TN
UNXQVLKA, TA YpAdLKA UTTOAOYLOTWY, TN UNXOVIKN LABnon Kat GAAa. AUt n evoTnTo TPAyUATEVETAL

Tpla Baoikd otoleia:

*  BoBuwtd: Movasikég aplOUnTLKEG TILEG, TTou cuxva amelkovilovtal pe meld ypappata (r.x.,
(x, v, 2)).

*  ivakeg: OpBoywviol Tivakeg aplOpwWV SLATETAYUEVOL O€ YPAUUES KOl OTAAEG, TTou cuvRBwg
avamnapiotavrtal pe évtova kepoahaia ypauparta (.., (A, B)).

* AlavOopata: AlaTeTaypevol THVOKEC OPLOUWV TIOU QVOMOPLOTOUV TIOCOTNTEC OF LA

OUYKEKPLUEVN KaTeVLBUvVON, cuvnBw¢ cupBolilovtal pe évtova neld ypaupoata (r.y., (v, w)).

2.9.1. Nivakeg
Ytn BBALOAKN NumPy, aQUTA T OTOLXELO OVTLUETWTTI{OVTOL QTTOTEAECUATIKA XPNOLUOTIOLWVTOS
TvaKeg, KaBLoTWVTAC TIC MPAEELG YPOUKNG AAyEBPAC TOGO OMAEG OGO KOl UTIOAOYLOTIKA YPrYOPEG.

Mo to akéAoubo cuoTNUA YPAUUKWY gElowoewv N BLBALoBnkn Numpy pmopel va Bonbroet otnv

eniAuon TOU XPNOLUOTIOLWVTAG TN CUVAPTNON np . . ().
2x+3y =39
5x-y=-1

Auti n ouvaptnon uttoAoyilel tnv akplpn AUon yla ypapkég e€lowaelg g popdng (Ax = B), omou
(A) elvar évag mivakag ocuvieAeotwv kal (B) elvat éva Sidvuopa otabespwv. H xprion tng

np. . () yivetal wg €€nG np . . (A, B).Omnou:

*  A:Evog teTpaywvikdg mivoakag (§todLaotatog mivakoc) mou MEPLEXEL TOUC OUVTEAEOTEG TWV

VPOUULKWY EELOWOEWV.
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*  B: Evag povodidotarog mivakag ( didvuopo othAng) mou avamaplotd TG oTobepEC OTIg
e€lowoeLc.
H ouvaptnon emotpédel Evav TivaKko TToU TIEPLEXEL TLG AUOELG LA TIG LETAPANTES 1 AAALWG TN Auon

TOU OUOTNUATOC YPOUMULKWV £flowoswv, oto mapadelypa tou kwdika K. 2.9.1 n Alon eival

[2.11764706 11.58823529]

import numpy as np

A = np. (rr2, 31, [5, -111)
B = np. ([39, -11)
solution = np. . (A, B)

print(solution) #[ 2.11764706 11.58823529]
K. 2.9.1 - Entiduon ypauutkng eéicwong

2.9.2. Awwviopata

‘Eva Stavuopa eival pla Stataén aplBuwy mou avTmpoowneUEL TOCOTNTA e LETPO Kol KatevBuvon.
MNapadeypa: v=(2,3), w=(1,-4), v=(2,3), w=(1,-4). TuvnBw¢ cupPoliletal ypadovrag pe évrova
ypdupata f pe BeAdkt (rm.x. v, w f v°v °). Ztn BBA0BAKN NumPy n ulomoinon twv Stavuopdtwy

yivetal pe amhoug povodidotatoug mivakeg (K. 2.9.2).

import numpy as np

v = np. (2, 31)

W = np. ([1, -41)

K. 2.9.2 - Movoéiaotatot mtivakeg Numpy

Ytov Kwdika K. 2.9.3 gudavilovtal pla oslpd ano napadsiypato npatswv onwe n npdcbeon, to
Eowteptkd ywopevo (dot product), n EukAeidela vopua (unkog Stavuopartoc), kat n katsvbuvon

(novada diavuopa).

import numpy as np

v = np. (12, 31)

w = np. (I1, -41)

print(v + w) # Ipdobeon: [ 3 -1]

print (np. (v, w)) # Eowteplxrd yLiLvoupevo (dot product): 2*1 + 3*(-4) = -10
print (np. . (v)) #Euxkde(dela voppa (uAxog dLavUiouatog) : sqrt (272 +
372) = sqgrt(13) = 3.605551275463989

unit v = v / np. . (v)

print(unit v) #KateU6uvon (pov&da dié&vuopa): [0.5547002 0.83205029]

K. 2.9.3 - lMpdéetg Stavuoudtwy
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Epwtnoelg avtoaéloAdynong
Nota givaw n kUpLa xprion t™¢ BLBAL0ORKNGg NumPy;
A) Anuoupyia LotooeAidwy
B) AvaAuon 6ebopévwv
I >xedloon ypadkwy

A) Awoeiplon Bacswv Sedopevwv

Nowa Sopn edopévwy napéxel n NumPy;
A) DataFrame

B) List

I ndarray

A) Dictionary

Moteg S1a0TACELG MIVAKWYVY UNOPEL va Staxelplotei n BLBALoOAkn NumPy;
A) MovodLaotatol ivaKkeg

B) AloSlaotartol mivakeg

I Tplodlaotatol mivakeg

A) O\ec oL mapamavw

Mowa cuvaptnon dnuLloupyel Evav mivaka YEUATO E UNSEVIKA;
A) np.ones()

B) np.zeros()

) np.empty()

A) np.full()

Mol cuvApTnon XPNOLUOTOLELTOL VLA VO UTTOAOYICEL TOV HECO OPO EVOG IIVAKQ,;
A) np.sum()

B) np.mean()

I np.average()

A) np.median()

Nw¢ Snuoupyseitan £vag Stodidotatog nivakag e th NumPy;
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10.

11.

A) np.array([1, 2, 3])
B) np.array([[1, 2], [3, 4]])
I np.array(5)

A) np.array([[1, 2, 3]1)

Moieg ivat oL BaotkEG LELOTNTEG VO Ttivaka ndarray;
A) ndim, shape, size

B) length, width, height

I count, total, average

A) all of the above

Nola cuvaptnon XpnotpomnoLeiton yia tnv ektéAeon tng avixveuong NaN og MivokKeg;
A) np.isnan()

B) np.isnull()

I np.nan()

A) np.isnanvalue()

Noteg eivan ot Baoikég Asttoupyieg tou npoodEpel n NumPy yLa aplOpntikoUg UTtOAOYLOHOUG;
A) Zuvaptroelg cuvabpolong

B) Aettoupyieg petadoong

I AAyeBpLKEG TIPAEELG

A) OAeg oL Tapamavw

Nw¢ dnuoupyeitan éva Stdotnpa apldpwv pe tTn NumPy;
A) np.linspace()

B) np.arange()

I np.sequence()

A) np.interval()
Nowa eivaw n dradopa petad np.concatenate() ko np.vstack();
A) Aev umtapyel Stadopa

B) H np.vstack() cuvevwvel povo katokopuda
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12.

13.

14.

15.

16.

I H np.concatenate() 6ev emitpénel cuvévwon

A) H np.vstack() 6gv 6€xetarl mivakeg

MNoleg elval oL GUVONKEG yLa TRV owoTr Xpnon t¢ petadoong (broadcasting);

A) Ta oY\MOTA TWV TILVAKWV TIPETEL VA €lval Ta (Sla
B) Evag mivakag nmpémnet va £xel péyebog 1
I Ta oxnuata npEmnet va eivatl cupPatd

A) O\eg oL mopamavw

Mowa cuvApTnon XPNOLUOTOLELTAL YLa TNV avadildpBpwon evag ivaka;
A) np.resize()

B) np.reshape()

I np.restructure()

A) np.reformat()

Nowa givaw n xprRon tng np.dot() otnv NumPy;
A) Ma mpbdoBeon MvaKwy

B) Ma aAyeBptkd MOAAATTAQCLOGUO TILVAKWY

I Na dtaipeon mvakwy

A) MNa avénon mvakwy

MNoieg eivat oL BaotkéG MPOKANOELS MOV opEl va TtpokUYPouv Katd tn Xxprion tng NumPy;

A) AcupBatec SlaotaoeLg
B) ZddaApata katd tnv eloaywyn dedopévwv
I YYnAn katavalwon pvnung

A) OAeg oL Tapamavw

Mol GuvApTNON XPNOLUOTOLELTOL VLA TRV EVPECT HOVASLKWV TLLWV CE £VAV TVOKQ;

A) np.unique()
B) np.distinct()
I np.unique_values()

A) np.different()



17. Nwg pnopel va yivel n emiAoyn otoeiwv amnod £évav rivaka pe Baon pio Aoykn Laoka;

18.

19.

20.

A) Xpnolponowwvtag to np.select()
B) Me tnv avadopd otov mivaka Ue TG AOYLKEG TIUEG
I Me tn xprion tg np.where()

A) Kavéva amd ta mapanavw

Nota givaw n xpron tng ocuvaptnong np.vstack() otn NumPy;
A) Anuoupyia mivako yepdatou pndevika

B) Zuvévwaon TVAKWY KOTA OTHAN

I Juvévwaon TIVAKWY KATA YPAUUN

A) AN ayn Slaotdoewy Ttivaka

Nw¢ propel va yivel n avadidpOpwon evog tivaka o€ 2 SLOCTACEL;
A) Xpnowponotwvtag tnv np.reshape()

B) Me tnv np.resize()

I Me tnv np.array()

A) Me tnv np.transpose()

MNowa eivaw n Asttoupyia tng np.random.rand() otn NumPy;

A) Anpoupyei évav mivaka yepudto pndevikd

B) Anpioupyel évav mivaka pe tuyxaioug aplBpoug amno to 0 éwgto 1
I Anpoupyet évav Tivaka e TUXOLOUG aKEPALOUG apLOpoUG

A) Anpoupyel évav mivoka pe otaBepég TIUEG
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2.10.1. ATtOVTAOELC OTLG EPWTNOELS AUTOAELOAOYNONG

1. B) AvaAuon 6eSopévwv

Erme€énynon: H NumPy eival oxeSlaouévn yla epyaciec availuong kal smefepyaciag deSopévwy,

npoodEpovtag epyaleia yia apltOunTikoug UTIOAOYLOUOUG.
2. I ndarray

Eme€énynon: H NumPy yxpnoluormolel T Soun dedouévwv ndarray yla tnv amoBrnkeuon Kal tnv

enetepyacia aplBunTkwy deSoUEVWVY.
3. A) O\ec ol mopamavw

Emeénynon: H NumPy umootnpilet mivake¢ TOAMwWY Ol0OTACEWY, CUUMEPIAOUPBAVOUEVWV

povodidotatwy, Slodlactatwy Kot TploSLdotatwy.

4, B) np.zeros()

Ene€nynon: H cuvdptnon np.zeros() dnptoupyet évav mivaka YEUATO HE LNOEVIKA.
5. B) np.mean()

Ene€nynon: H np.mean() umtoAoyilel Tov HECO OPO TWV OTOLXELWV EVOG TTivaKa.

6. B) np.array([[1, 2], [3, 4]])

Eneénynon: H np.array() pmopel va xpnolgomoinBel pe pia Alota Alotwv ylo va dnpLoupynoet

S1o61aoTaToug mivakec.
7. A) ndim, shape, size

Eneénynon: Ot 81otnteg ndim, shape kal size eival GNUAVTIKEG yla TNV Teplypadr TWV TILVAKWY

ndarray.

8. A) np.isnan()

Eneénynon: H np.isnan() eAéyxel av Ta otolyeia evog mivaka ival NaN.

9. A) O\ec oL mopamavw

Eneénynon: H NumPy ipoodépet mARB00¢ AettoupyLlwv yila aptOuntikoug utoAoyLopoUG.
10. B) np.arange()

Eneénynon: H np.arange() Snuloupyel mivakeg pe aplBpol oe KAVOVIKA amdotac.
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11. B) H np.vstack() ouvevwvel pévo katakopuda

Ene€nynon: H np.vstack() cuvevwvel mivakeg katd pnkog tou afova 0.

12. I Ta oxnuata npEmnet va eivatl cupPatd

Ene€nynon: H petadoon Aeltoupyel povo v Ta oxAUOTO TWV TILVAKWVY €lval cupBartd.
13. B) np.reshape()

Ene€nynon: H np.reshape() aAAalel TI¢ SLACTACELG EVOC THivaKL.

14. B) MNa aAyeBpkd MOAAATAACLOOUO TILVAKWY

Ene€nynon: H np.dot() xpnotpormnoteitatl yia tov aAyeBpLkd MOAAQTMAACLOOUO TILVAKWV.
15. A) OAeg oL Tapamavw

Ene€niynon: OAeg auTEG OL TPOKANOELS £lval GUXVEC KATd T Xprion tTng NumPy.

16. A) np.unique()

Erme€nynon: H np.unique() emotpédel £vav mivako 1mou TEPLEXEL LOVO TIG LOVASLKEG TIUEG Ao TOV

OPXLKO TTlVOKaL.
17. B) Me tnv avadopd otov mivaka UE TG AOYLKEC TIUEG

Eneénynon: H emloyn otolyelwv pe Aoylk paoka yivetal pe tnv avodopd otov Mivaka e TLG

AOYIKEG TIHEG, TL.X. array[mask]
18. I Zuvévwon TIVAKWY KATA yPaUUn

Eneénynon: H np.vstack() ouvevwvel mivakeg kaBeta (kotd ypappn), Snuloupywvtag évov vEo

Ttivako TIou MEPAOUPBAVEL TIC YPOUMUEG TWV CUVEVWHIEVWV TILVAKWV.
19. A) Xpnowomnowwvtag tnv np.reshape()

Eneénynon: H np.reshape() xpnowomoleital yia va oAAAEEL TG OLOOTACEL] €VOG Tivaka,

ETUTPETOVTAG TNV LETATPOT TOU O€ 2 SLOOTACELC.
20. B) Anploupyel évav mivaka pe tuyxaioug aptOpouc amo to 0 éwgto 1

Eneénynon: H np.random.rand() dnuioupyetl €vav mivaka yeUATo Pe Tuxaioug aplBuolg os didotnua

0, 1).
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KEDAAAIO 3: H BIBAIOOHKH PANDAS

Z1oxoL Tou kedahaiou:

Na yvwpilouv mou amookonei n BLBALoBr kN Pandas kot ylati eivat SnpodAng.

Na katavooUv tnv évvola Twv Series Kat Twv DataFrames.

Na yvwpilouv Toug TPOMOUC ToU UMopPEL va yivel dnuiloupyia evog DataFrame.

Na yvwpilouv Toug TPOMOUC LE TOUC omoioug umopel va emiteuxBel mpooPacn o ypAUUES Kal
otnAeg evog DataFrame.

Na yvwpilouv dtadopouc tpdmoug dektodotnong kal emdoyng Sedopévwy anod DataFrames.

Na eivat og B€on va umtoAoyi{ouv CUYKEVTPWTLKA OTATLOTIKA o€ DataFrames.

Na yvwpilouv nwg va xelpilovrat Sedopéva mou Aslmouv.

Na yvwpilouv va petatpénouv dedopéva mou Bpiokovtol oe DataFrames amod £vav TtUTO o€
évav aAlo.

Na ene€epyalovral Sedopuéva DataFrames mou elvat o popdr KELUEVOU.

Na yvwpilouv mou amookonei n BLBALoBrKkn Pandas kot ylati eivat SnpodAng.

Na katavoouv Thv €vvola Twv Series kal Twv DataFrames.

Na yvwpilouv Toug TPOMOUC ToU UMopPEL va yivel dnutoupyia evog DataFrame.

Na yvwpilouv Toug TPOMOUC LIE TOUC omoioug umopel va emiteuxBel mpoofacn o ypAUUES Kal
otAeg evog DataFrame.

Na yvwpifouv dtadopoug tpomoug Setktodotnong kat emthoyng Sedopévwy and DataFrames.

Na eivol og B€on va utoAoyi{ouv CUYKEVTPWTLKA OTOTLOTIKA o DataFrames.

Na yvwpilouv nwg va xetpilovrat Sedopéva mou Asimouv.

Na yvwpilouv va petatpénouv dedopéva mou Bpiokovtol oe DataFrames amod £vav TtUTO o€
évav aAlo.

Na ene€epyalovrtal Sedopéva DataFrames mou sival og popdr Keluévou.

Eloaywyn otn BLBAL0BAKN Pandas (pandas library)

H pandas sivat pla avolytol kwdika (open-source) BLBALOBNKN TNG YAWOOOC MPOYPAUUATIOUOU

Python, oxeblaopévn eldika yla tnv enefepyooia kat avaivuon Sopnuévwyv dedopévwy (structured

data), onwc mivakeg SeSopévwy PE YPAUUEC Kal oTAAEC. AloTeAel oruepa €va amod ta Bactkotepa

gpyoleia tng emotnpng 6edopévwy (data science), tng pnxavikng padnong (machine learning) kot

™¢ avaluong Oedopévwy (data analysis), kaBw¢ EeMUTPEMEL TNV QMOTEAECUATIK Slaxeiplon,

METAOXNHUATIONO Kal Slepelivnon LEYAAWY CUVOAWY SeSOUEVWVY.
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H BLBALoBNKkn avamtuxbnke apxika and tov Wes McKinney yUpw oto 2008, pe otoxo va mpoodEpeL
otnv Python évav L.oxupo Kal EUEALKTO TPOTIO XELPLOHOU TapmeAwpévwy dedopévwy (labeled data),
avtiotolyo Pe auTov mou uTiipxe Nén og alAeg mAatdopueg (Onmwe To R). IRuepa ocuvinpeital ano
Ulo EUPELDl KOWVOTNTA TIPOYPOUUATIOTWY KOL EPEUVATWV KOl SLOVEUETOL E€MionUa HEOW TOU

LOTOTOTOU Tou £pyou pandas kot tou Python Package Index (PyPl).

Kevtplkdg otoxog tng pandas sival va mpoadEpel uPnAol emunédou Souég dedopévwy (high-level
data structures) kot gpyaleia yla tnv gpyoocia pe etiketonotnpéva dedopéva (labeled data) kat
etepoyevny debopéva (heterogeneous data). Ito kévipo autn¢ tng mpooéyylong Bplokovtal dvo
Baowkeg Sopég: n Series (pandas.Series) kat to DataFrame (pandas.DataFrame), oL omoieg amoteAouy

™ Baon oxebov kabe epyaociag pe pandas.

H pandas eival oteva ouvbedepévn pe tn BBALoORkn NumPy, otnv omoia Baociletal ywa tnv
avamapaotaon aplOuNTIKWY Tivakwy (ndarray) Kot ylo amodoTIKEG TIPAEELC O EMIMESO TUVAKWV.
Qotooo, emnekteivel tic duvatotnteg tng NumPy mpocBETovtag €vvoleg OMWG EVEALKTO EUPETHPLO
(flexible index), etikéteg ypappwyv kot otnAwv (row and column labels), xeplopd eAA WY THWV

(missing values) kat oUvBeteg mpatelc opadomnoinong (groupby operations).
Mepikég amo ti¢ Baotkég Suvatotnteg (key features) tng BLBALOBNKNC pandas eivat:
e Amodbotiki avamapactaon nvakwyv dedopévwy (tabular data) pe ypappéc kot otnAeg, péow

DataFrame.

e EuéAiktn deiktodotnon (flexible indexing) pe Baon etikéteg (labels) | aképateg Béoelg (integer
positions).

e EVOWMATWHEVOG XELPLOUOG EAATTWVY TLHWV (missing data), e e161koU¢ Seikteg 6mwg NaN.

e loxupég Asttoupyieg emidoyng, dAtpapiopatog, tafvopnong kat avoadiataéng Sedopévwv
(selection, filtering, sorting, reshaping).

e JuvaBpoioelg kat opadomolnoslg SeSopévwy (groupby, aggregations), XpriOLUEG yLA OTOTLOTIKNA
avaiuon.

e Epyaleia yla xpovooelpég (time series tools), 6mw¢ nuepopunviakad supetnpla (Datetimelndex),
resampling kaut rolling urtoAoylopouc.

e EUKOANn sloaywyn kot e€aywyn dedopévwy (input/output) amd/oe popdég omwg CSV, Excel,
SQL kat JSON.

Tutukég edappoyEG TNG pandas CUVOVTWVTOL OTNV TIPOKATAPKTIKY avaAuon dedopuévwy (exploratory
data analysis, EDA), otov kaBaplopo kot nposnefepyacio dedopévwy (data cleaning, preprocessing)
KOLL OTNV TIPOETOLUACIO CUVOAWVY SE60UEVWV YLA LOVTEAQ INXAVIKAC LABNoNC. 2 auTo To MAaioLo, N
pandas Aettoupysl ocuxvd wg “védupa” petatl twv apxwkwv dsdopévwy (raw data) kal Twv Lo
efeldikevpévwy PBiPAoBnkwv avdluong i povielomoinong, Oomnwg scikit-learn, statsmodels n

BLBAL0BNKec omtikomoinong (visualization) Tumou Matplotlib kat Seaborn.
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JTIC EMOUEVEC eEVOTNTEC Ba LeEAETNBOUV avOAUTIKA oL Baoikég Sopeg SeSopévwy tng pandas, SnAadn
oL oclpEg (Series) kot ta mAaiola dedopévwv (DataFrames), kaBwg kal ol tpomol dnuloupyiag,
npooBaong Kal LETAOYNUATIOMOU TouC. Me autdv Tov Tpormo, Ba tebel éva otabepd BewpnTiko Kal
TPOAKTIKO UTOBaBpo mAvw oOTo omoio Ba XToToUV Ol TIO TIPOXWPNHUEVEG EVVOLEG, OTMWG

OUBOTIOLNOELG, CUYXWVEVUOELG, XPOVOOELPEG Kol SeSoUEVA e TIEPLOCOTEPEC Ao SU0 SLACTACELS.

Yelpec (Series) kal MAaiola Aedopévwy (DataFrames)
H BLBAoBnkn pandas Baoiletal oe dVo BepeAdlwdelg Sopeg Sedopévwy: TIG Zelpég (pandas.Series)
Kol Ta mAaiolwa Sedopévwv (pandas.DataFrame), oL omoieg MapExouv £vav TUTIOTIOLNUEVO TPOTIO
avamnopaoctaong kal emefepyacioc dedopévwy pe eTIkETeC (labeled data) otnv Python. H katavonon
QUTWV Twv dV0 douwv amotelel polTOOeon yLa KABe TLo TTpoXwWpPNUEVN epyacia pe pandas, and

Vv amnAn enthoyn Se6opEvwy PEXPL OUVOETEC OLOSOTIOLNOELG KOl XPOVOOELPEG.

Miwa Zelpda (Series) pmopel va BewpnBel w¢ €vag povodlaoTaTog, TIVOKAG HE ETIKETEC
(one-dimensional labeled array) mou pmopei va mepléxel otolxeia onoloudnmote tUMOU SedopéEvwy
™¢ Python 1 tng NumPy, OMWG aKEPOLOUC, TIPAYUATLKOUC, AEKTIKA (strings) f akoun kal cuvBeta
ovtikelpeva. KaBe otolyeio tng Zelpdg ocuvodelEeTal amod pila €TKETA eupetnpiou (index label), n
orola emtpémel mpoomélaon OxL HOVO Pe oKképaleg Bfoelc aMAd Kol PeE CUMPOAIKEG ETIKETEC,

SleukoAUvovtog T oadn Kal avoyvwolpn avadopd os Sedopéva.

Avtiotowya, éva MAaiolo Asdopévwv (DataFrame) amoteAel plo Siodldotatn Sdoun dedopévwv
(two-dimensional labeled data structure), opyovwpévn oe ypappéG Kal oThAeg, Omou k&Be othAn
elval ovolaotikd pia Series pe koo gupetnplo ypoupwy (shared index). To DataFrame pmopei va
BswpnBel wg mivakag (table) N w¢ cuMoyn amd Series, kot eival Slaitepa KATt@AANAo yla tnv
ovamnopaoctoon Twakwv Ssdopévwy TUMoU umoloylotikoU ¢UANou (spreadsheet-like data) n

TUWVAKWVY Baoewv SeSopEVWV.

H oxéon petaflL Series kat DataFrame eivol otevr: MoAAEG pakelg ou epapuolovtal oe pla Series
£xouv avaloyn epunveia oe eninedo otnAng DataFrame, evw n mpocPaocn o pla otrAn DataFrame
ouvnOwg emotpédel éva aVTIKELUEVO TUTIOU Series. AUTOC O OXESLOOUOC ETUTPEMEL £VOL OLLOLOYEVEG
HMOVTEAO Xelplopol SeSopévwy, OTO OTolo oL Aettoupyieg o eminedo oTAANG, YPAUUAG I} OAOKAnpoU

Tiivako akoAouBoUv TtapdopoLla AOYLKN, L€ CUVETIELA OTN CUVTALN KOL OTN onuocloloyia.

Y& TPOKTLKO emimedo, plo Series kat €va DataFrame pmopoUv va dnuoupynBolv amd mAnBwpa
nnywv, onwc Aloteg (lists), As€ika (dictionaries), mivake¢ NumPy (NumPy arrays), apysia CSV n
mivakeg SQL, mpoodépovrag peyaln sueliia otn ddptwon Kal opydvwon OSedopévwv. ITIC

eNMOUeveG evotnteg Ba efetaotolV avaAuTikd ol Baocikol tpdmotl dnuoupyiag DataFrame amo
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niivake¢ NumPy, kaBwg kat ot pébodot Snuouvpyiag DataFrame “katd otnAEC” Kol “KOTA YPOAUUES”,

WOTE va ylvel cad£g WG ol BewpnTkEC Evvoleg Series kat DataFrame uAomolouvtal otny mpagn.

3.3. Zelpéc (Series)

AmnoteloUv pa povodiaotatn Sour TUTIOU Ttivaka LE opoloyevr) Sedopéva, TTou GUVOSEVETAL OO

Selkteg (indexes), emtpenovtag tnv eUKoAn Staxeiplon kat emefepyacia twv SeSopevwy.

Ertionun ogAida tekpunpiwong: https://pandas.pydata.org/docs/reference/api/pandas.Series.html

Tov kwdkag Tng mapaypadou pnopeite va tov Bpeite ebw:

https://colab.research.google.com/drive/1D8FS94GCTgN FGVu79s06MACVugxloPp?usp=sharing

e MovodLaotarog, ETIKETAPLOUEVOG Ttivakag (1D labeled array)
e loodUvapo pe pa oTAAN o uTtoAoyLoTIKO GUANO 1 Ttivaka Sedopévwy
e KaBe otolyeio €xelL etkéta (index) kal tun (value)

Mua Zelpd anoteleital ano dUo kupLa pépn:
1. Asdopéva (Values)

*  OLTIPAYMOTLKEG TIHEG TTOU amoBnkelovTal
*  Mrmopel va eival numbers, strings, booleans, kArt.
*  Jtolilovtal og povodldotato mivaka

2. Eupetiplo (Index)

*  ETIKETEG yla KAOE TIun
* [poodilopilet povadika kabe otolxelo

Mropei va elvat numbers, strings, dates, KATL.

Baoka XapaKTneLOTIKA
XapoKTNPLOTIKO Nepwypadn Nopadeypa
Movodidotatn | Movo pia didotaon (5,)
ETIKETEG MpooBaactun pe TIKETEG N BEoEL s['a'] n s[0]
‘Evag TOmog 'O\a ta otolyela dlou TUMou int64, float64, object
EuéAktn Aéxetat Stadopoug Tumoug Sedopévwy | numbers, strings, dates
loxupn MAoloLo cuvoho peBOSwv 200+ pébodol

Mivakac 3.3.1: Baotkd XapaKktnpLoTIKd TwV SEPWV
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https://pandas.pydata.org/docs/reference/api/pandas.Series.html
https://colab.research.google.com/drive/1D8FS94GCTgN_FGVu79so6MACVuqxloPp?usp=sharing

Z0ykplon e AANEG AopEG

Aopn Aw0oTAoEL ETIKETEG Tunoi AsSopévwv
Python List 1D X Oxt Miktog
NumPy Array | N-D X Oxt X ‘Evag tumoc
Python Dict | 1D KAewdia Muktog
Pandas Series | 1D Eupetripo | X Evog tumog

Mivakac 3.3.2: ZUyKpLon Twv ZEpwV UE AAAeC AOUES

Baowa MAgovekTApoto

2e oxéon Me g Aioteg (Lists):

*  Etwkéteg yla eUkoAn mpooPaocn

*  AUTOMOTEG OTATLOTLKEG CUVOPTIOELG

EUkoAo d\tpdplopa Kat taflvounon

Ze oxéon pe toug nivakeg (NumPy Arrays):

*  Eupetnplo e ETIKETEG

*  EUKOAN xelptopdg NaN Tipwy

KaAUtepn omtikomoinon

MAolaolo cuvoho PeBOSwv

Ze oxéon pe ta Ae§wka (Dictionaries):

e Alatipnon oelpag oTtolxeiwv

*  MaBnuatikeg mpateLg

* Boolean indexing

*  Ouadomoinon kat cuvaBpoloelg

KaAUtepn anddoon pe peydla Sebopéva
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3.3.1. Anuoupyla & Baotkég MAnpodopieg

M£6060¢ Nepypadn Nopadelypa
pd.Series(data) | Anuloupyia Series s = pd.Series([1, 2, 3])
.shape Aldotaon (povada) s.shape - (3,)

.size AplBuOG oTolelwv s.size > 3

.index Eupetnplo s.index - Rangelndex
.values Twéc we numpy array | s.values = array([1, 2, 3])
.dtype TUTog 6ebopévwy s.dtype - int64

.name Ovopa Series s.name = "Tiég'

.empty ‘EAeyxog Kevng Series | s.empty - False

Mivakag 3.3.3: MéJobot yia tnv Anuioupyia kot Baotkwv MANPo@opLwy Twv ZEpwv

AuTh n evotnTa adopd tnv «Avatopio» plag Zewpdg (Series). Mpwv apxioslc va GIATPAPELS 1 va

UTIOAOYIZELC LEGOUG OPOUG, TIPETIEL VO EEPELG TL AKPLBWG KPATAG OTA XEPLA OOU.

AUTA Ta XOPOKTNPLOTIKA (attributes) cou Aéve ta mAvra yla Tn SOWN KAl TO TIEPLEXOUEVO TWV

SeSopévwv oou.
1. Anuoupyia kot Baowk Aopr
Mta Zelp@ amoteAsital anod SUo BaotkoUg MUAWVEG: Tig TIHEG Kal Tic ETikéteg Touc (Index).

e pd.Series(data): Eivat o "kataockevaotng" (constructor). Mmopei¢ va petatpeelg Aloteg,

Ae€a N NumPy arrays og pia Zelpd.
Tip: Av xpnowuomnotnoetg Ae€kd, ta kAeldLd yivovtal avtépata To index tng Zelpag.
2. 1816tnTEG Mey£OouC Ka ZXRANOTOG

e .shape: Emeldn n Zewpa eival povodldotatn, cou emiotpédel mavta éva tuple pe évav
oplBuo, m.y. (100,). Auto onpaivel 100 ypappég. Eival e€atpetikd xpriowo otav BEAelg va

BeBoalwBeic 6tL SUO Zelpég £xouv To (610 UAKOC TIPLV TIG TPOCBETELC.

e .size: Jou 6ivel To CUVOAKO TTANBOG TWV OTOLXELWV WG aképalo. ITIG ZELPEG, TO .Size elval

mavta (0o pe To MPWTOo otolxelo tou .shape.

e .empty: Mia ypriyopn "epwtnon" Boolean. Emiotpédel True av n Zelpd Sev EPLEXEL KAVEVQL
otolyelo. XpAoo O€ QUTOMATIOMOUG yLa va pnv "kpacdpel" o kwdkag av eva ¢itpo dev

BpeL anoteAéopara.

3. Npdofacn ota Aedopéva kat TOMoL
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e .index: Zou O&eiyvel tic "SleuBuvoelg" twv dedouévwy. Mmopetl va eival amiol apBpuol

(Rangelndex), keiplevo i AKOUA KAl NLEPOUNVIEG.

e .values: Zou bivel povo to «foupir». Emotpedel Ta Sedopéva o popdry NumPy array. Eival
Xpnowo otav B€Aelg va KAvell TPALElg YapnAou emumédou mou Sev amaltouv TNV

TmoAuTAokotnta Twv Pandas.

e .dtype: lowg to TO Kpiowo attribute. Tou Aéel av n Zelpd MeplEXel aképaloug (int64),

Sekadikoug (float64), keipevo (object) i katnyopleg.

o Direct correction: Av 8glg TUMO object, cuvnBw¢ onuaivel OTL N Zelpd TEPLEXEL

KelUEVO 1 aVAUELIKTOUC TUTIOUG SESOUEVWV.
4. Metadedopcva

e .name: Mrnopeic va SWOELG Pl TAUTOTNTA 0Th ZELPA oou. AuTO ival oAU XproLUO yLoTL av
opYOTEPA EVWOELG QUTH TN Zelpd pe AAAEC yla va dTiaéelg evav mivaka (DataFrame), to

.name Ba yivel avtépata o titAog tng oTAANG.

import pandas as pd
import numpy as np

# Anuioupyla evdc Series amd Alota
data = [10, 20, 30, 40, 50]

s = pd.Series(data, index=['a', 'b', 'c', 'd', 'e'], name='Numbers')

print ("ApxLxd Series:")

print(s)
print("\n" + "="%60 + "\n")
# 1. pd.Series(data) - Anuioupyla Series

print("1l. Anuioupylia Series amd Alocta:")
s2 = pd.Series([1, 2, 3, 4, 51)
print(s2)

print ("-"*40)

# 2. .shape - AlL&otaon (tuple pe uRkocg)
print("2. .shape:", s.shape) # (5,)
print ("-"*40)

# 3. .size - ApLBudc otolxelwv (int)
print("3. .size:", s.size) # 5
print ("-"*40)

# 4. .index - To eupetfplo (Index object)
print("4. .index:")

print (s.index)

print (" Tomoc:", type(s.index))

print (" NoTta eTtikeTOV:", list(s.index))
print ("-"*40)

# 5. .values - OL TLpéC wWC numpy array
print("5. .values:")
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print(s.values)
print (" TUmocg:", type(s.values)) # numpy.ndarray
print ("-"*40)

# 6. .dtype - TUnocg dedouévwv
print("6. .dtype:", s.dtype) # into64
print ("-"*40)

# 7. .name - Ovoua ToU Series

print("7. .name (ocpyxlxk&):", s.name) # 'Numbers'

# AAAoyh) ovouaToqg

s.name = 'UpdatedName'

print (" Met&d amnd s.name = 'UpdatedName':", s.name)

print ("-"*40)

# 8. .empty - EAegyxog av To Series eival xevd

print("8. .empty (ylLo s):", s.empty) # False

empty series = pd.Series([])

print (" I'ia empty series:", empty series.empty) # True
print ("-"*40)

print("\n" + "="*60 + "\n'")

print("InueiLdoeilc:")

print("- To .shape eniotpépel éva tuple (m.x. (5,) )")

print("- To .size eival axépalog aplBudc (cog pe len(s)")

print("- To .index mepléxel TLCQ e€TLkéTeQ")

print("- To .values eival numpy array (mpotiu&tal .to numpy () oe& vedriepeg
exddboeLg)")

print("- To .dtype deixvelL TOoVv TUmO dcdouévev")

print("- To .name pmopel va aAA&éel 1 va oploTtel koat& tn dnuioupyia™)

print("- To .empty eilval XxpholLuo ylia éAeyxo mplv omd emefepyoocia™)
K. 3.3.1: Mapadetyua yio ti¢ Medodoug yia tnv Anutoupyia kot Baotkwv MNMAnpo@oplwyv twv Zeipwv

3.3.2. Emoyn & MNpooPaocn Ztowxelwyv

M£6060¢ Nepypadn Tovtaén
[key] Baowkn emhoyn s['a']
Joc[] Emdoyn pe stikéta | s.loc['a']
.iloc[] Emhoyn pe B£on s.iloc[0]
.at[] Ipryopn Ue eTkéta | s.at['a']
.iat[] Ipryopn e Béon s.iat[0]
.get(key, default) | Aopoaing emihoyn s.get('x', 0)
[[keyl, key2]] MoA\amAég eTikéteg | s[['a’,'b']]
[start:stop] ®¢ta (slicing) s[1:4]

Mivakag 3.3.4: Mé§obot yia tnv Emttdoyn kat MpdoBaon Stoiyelwv otig Zelpég

import pandas as pd
s = pd.Series([10, 20, 30, 40], index=['a', 'b', 'c', 'd'])

1. [key] - H Baown Emidoyn
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Neltoupyel oxebov onwg éva Ae€iko (dictionary) otnv Python. Av Tou SWOELG TNV ETIKETA, GOU

ETULOTPEDEL TNV TLUN.
e Napdadsiypa: s['a'] -> Emotpédel 10.
e Inueilwon: Av to index ftav volpuepa (m.x. 0, 1, 2), Ba AsltoupyoUoEe e QUTA.
2. .loc[] - Emthoyn pe Etikéta (Label-based)
Eival o o pntog Tpomog yia va nelg "PpEPE Lo TO OTOLKELD TTOU €XEL AUTO TO Ovoua.
e Napadstypa: s.loc['b'] -> Emiotpédel 20.
e l8Lattepotnra: Av kavelg slicing pe .loc['a":'c'], To 'c' cupmePIAAUBAVETOL OTO ATIOTEAECHL.
3. .iloc[] - EmAoyn pe Ofon (Integer-based)
ESw dev pag evlladépouv ta ovopata, aAld n oelpd. To "i" oto .iloc onpaivel integer.
e Napadsiypa: s.iloc[0] -> Emiotpédel 10 (To mpwTto otolxeio, aveédptnta av Agyetal 'a').

e l8Lautepotnta: 210 slicing s.iloc[0:2], n teheutaia Béon (2) 6ev cupmepAappavetat

(Aettoupyel 6nwc ot Aioteg tng Python).
4. .at[] & .iat[] - Ov "TpAyopol"” TnG napéag

AuTEG oL SU0 pEBodoL gival BeEATIOTOMOLNUEVEC YLa VO ETILOTPEPOUV €va Kal LoV otoyeio (scalar).

Elvat TaxUtepeg amo Tis .loc kat .iloc yiati 6ev xpetdletal va Staxelplotouy slicing rj arrays.
e .at['a']: pryopn mpocBaon e ETIKETA.
e .iat[0]: Fpryyopn mpooPaocn pe Bon.

e Mote tig Xpnotomnoovpe: Otav B£loupe va Stafdacoupe i va 0AAAEOUE Hia CUYKEKPLUEVN

TLUA TIOAU ypriyopa o€ éva peyalo DataFrame.
5. .get(key, default) - H AcpaAng Emoyn

Av nipoomnaBnoelg va Introelg to s['z'], n Python Ba "ytunnoel" obdipa (KeyError). H .get() oe

TPOOoTATEVEL.

e Mapadsiypa: s.get('x', 0) -> Emeldn 1o 'x' Sev umapyel, Oa oou eniotpePet O avti va

KPOOAPEL TO TIPOYPALUAL.

6. [[key1, key2]] - NoAAarA£g Etikéteg (Fancy Indexing)
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Otav B€Aelg mapamavw amo €va oToLXela, GAAG OXL amapaiTtnTO CUVEXOUEVQ, TIEPVAC Lo AloTa péoa

OTLG ayKUAEG.
e Napadsiypa: s[['a’, 'c']] -> Oa oou emiotpePel €va veo Series pe ta ototyeia 10 kat 30.
7. [start:stop] - Déta (Slicing)
KAQoLKOG TPOTIOC YL va TTAPELS £va "KOUUATL" Twv SeSopUEVWV.
o Napaddeypa: s[1:4] -> Enotpedel ta otoxeia anod tn B€on 1 £wg tn B€on 3 (20, 30, 40).
e Mpoooxn: Otav xpnolpomnoleig aképatoug yia slicing, to Pandas cuumnepidépetat 6wg ot
Ailoteg (To stop e€alpeitad).

import pandas as pd
import numpy as np

# Anuioupyla e€vdg Series pe index amd ypdupoto (string) xroal TLREQ
data = [10, 20, 30, 40, 50, 60]

index labels = ['a', 'b', 'c', 'd', 'e', 'f']

s = pd.Series(data, index=index labels, name='Acdoucva')

print ("Apx1xkd Series:")

print(s)

print("\n" + "="*60 + "\n")

# 1. [key] - BOOLKN E€ImLAOYH HE E€TLKETA
print("1. s['c']:")

print(s['c'])
print ("-"*40)

# 2. .loc[label] - Emidoyn pe e1lkéta (emionun pébodog)
print("2. s.loc['d']:")

print(s.loc['d'])

print ("-"*40)

# 3. .iloc[position] - EmiAoyn pe 6éon (O-based)
print("3. s.iloc[2]:")

print(s.iloc[2])

print ("-"*40)

# 4. .at[label] - Tphvopn emiLioyn pe e€Tlkéta (pdvo yia éva otolxelo)
print("4. s.at['e']:")

print(s.at['e'])

print ("-"*40)

# 5. .iat[position] - Tpfhyopn emidoyyh pe 6éon (pdévo yia éva otolxelo)
print("5. s.iat[4]:")

print(s.iat[4])

print ("-"*40)

# 6. .get(key, default) - AcopaAng emidoyn (emiotpépel default av dev
undpxel 1o key)

print("6. s.get('c'):")

print(s.get('c'))

print (" s.get('x"', 0):")

print(s.get('x', 0))
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print ("-"*40)

# 7. [[keyl, key2]]
print("7. s[['a"', '
print(s[['a', 'c',
print ("-"*40)

C', vevJJ:H)

'e'11)

# 8. [start:stop] - Slicing
# Snuelwon: Ze Series,
OXL TNV €TLRETA.
print("8. s[l:4]
print(s[1:4])
print ("-"%*40)

(p&

# EmiLotpépel TLC

.loc
(slici

# Slicing pe eTLlréTeq péow
print (" s.loc['b':'"e']
'e'>:ll)
print(s.loc['b':"'e'])
print ("-"*40)

# Emiotp

# EnmimAéov: Slicing pe BhHua

print (" s[::2] (x&Be deltepo
print(s[::2])

print ("-"*40)

print("\n" + "="%60 + "\n")

print("Inueitdoceilg:")
print("- H Poaolxkh) emiLAoyrn s['a'
.loc gilval mLo ca@ANg Kol IIPOT LW

print("- H .iloc xpnotipomoie( O
print("- OL .at koL .iat eival
otolxelo.")

print("- H .get eival
eTLKETA.")

print("- To slicing [start:stop
Aloteg), evd .loc pe €1LkéTEC O

- EmiAoyl HDOAANATIAGV €T LKETOV

)

6éocelc 1,2,3

(oupmep LAouB&VE L
ng ue eI1LlKéTEQ,

épel b,c,d,e

:H)

otolxelo)

] xat n .loc['a']
&toLr.")

éoelg, €vd n

e Bdon 1n 6€éon
To slicing pe aplOupolg Aeltoupyel pe B&on tn ©€on,

(emLoTPéQE L

(Ox L

(slicing pe B&on Béon 1 éwg 3):")
(otolxelia b,

C

KO L

elval mapduotlLeg,

.loc xpnotpomoltel

Series)

TNV €TLKET)

d)

T o000 &xrpo)
OUNIIEP LAQPBOAVOEVOU TOU

OAA& 1)

eTLrRéTEC.")

TaxUtepeg via mpdofaocn oe éva udvo

] Aeittoupyel pe PBdon 1n Oéon
RO L

Uumep LAauR&veE L

TO stop.")

K. 3.3.2: Mapadetyua pe ti¢ Medobouc yia tnv EmttAoyn kot MpooBacn STolyeiwV OTiC SEIPEC

3.3.3. Boolean Indexing & O®W\tpaploua

M£6060¢ Nepypadn Eriiotpodn
[boolean_series] Boolean indexing Series
.where(cond) Awatpnon omou True | Series
.mask(cond) Awatpnon onou False | Series

.between(left, right)

TpéC petall oplwv

Boolean Series

.isin(values)

Avnkel og AMiota

Boolean Series

.isna() ‘EAeyxog yio NaN Boolean Series
.notna() ‘EAeyxog yLo un-NaN Boolean Series
.isnull() loo&Uvaypo tou isna() Boolean Series
.notnull() loodUvaypo tou notna() | Boolean Series

Mivakac 3.3.5: Mé§obot yia Boolean Indexing & @iAtpaptoua

xphotun 6tav dev elupaocte olyoupol av un&pxel n

(6bnwg o¢
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ESw mepvaype oto mo «EEumvo» Koppdtt twv Pandas: to ¢pktpapiopa. Autég oL uébodol dev

emAéyouv aniwg dedopéva Baoel Béong, aAld Baoel cuvOnkwv (Aoyikng).
AgG XpNOLLOTIOL) 00U UE aUTO To Series yla ta mapadeiyparta:

import pandas as pd
import numpy as np

s = pd.Series([10, 25, np.nan, 40, 55], index=['A', 'B', 'C', 'D', 'E'])

1. [boolean_series] - Boolean Indexing

Elvat n mwo ouvnBlopévn néBodog. Anuloupyeig pa Alota amnod True/False kat tnv epvag oto Series.

Movo ta True "emiBuwvouv".

e Napadsiypa: s[s > 30]

e AnotéAecpa: Oa emioTpEPEL TIC TLUEG 40 Kot 55.

e Mwg douAeleL: To s > 30 Snuloupyel ecwTteplkd €va Series pe True/False.
2. .where(cond) - Awatrjpnon o6mou True

H .where kpaTael TIG TIHEG TIOU LKAVOTIOLOUV TN cUVONKN Kol avtikadiotd tig urtoAouneg (cuvnbwg

ue NaN).
e Napadsiypa: s.where(s > 30)
e Amnotéleopa: Oa 61 NaN, NaN, NaN, 40.0, 55.0.

e Xpnon: MNoAU xpnowo dtav BEAELC va KpaTHoeLg To HEyeBog Tou Series (610, aAAd va

"kpUeLg" TIPEG.
3. .mask(cond) - Awatripnon omov False
Elvat To akplpwg avtiBeto tng .where. "Maokdpel" (kpUBeL) TIg TLUEG TTou elval True.
e Mapadsiypa: s.mask(s > 30)
e Amnotéleopa: Oa kpUYeL to 40 Kal to 55 (Ba yivouv NaN) kot Ba adproet ta umtoAoLma.
4. .between(left, right) - Tyuég petal opiwv

Avti va ypadelg (s > 10) & (s < 50), xpnowomnoleic autr tn péBodo. Elval o kabapr Kat

EUAVAYVWOTN.

o Mapadsiypa: s.between(20, 50)
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e Emwotpodn: Eva Boolean Series (True yla TG TIHES 25 Kal 40).
5. .isin(values) - Aviikel o€ Aiotal
EA€yxeL av oL TLUEC TOU Series UTIAPYOUV HEOA O pLa AloTa TTOU ToU Sivelg 0U.
e Napadsiypa: s.isin([10, 55, 100])
e Emotpodn: True yia to 'A' (10) kaito 'E' (55).
6. ‘EAey)xog yLa keva (Missing Values)
ESw €xoupe SVo Leuydpla peBOSwWY TTIOU OTNV MPAYLATLKOTNTA KAVOUV TO (810 mpdyua:
e .isna() & .isnull(): Emtotpedouv True av n tun eivat NaN (Missing).
o Mapabdetyua: s.isna() -> True pdvo yla to otolxeio 'C'.
¢ .notna() & .notnull(): Emotpédouv True av n TLr UIAPYXEL (Sev elval Kevn).
o MNapabeyua: s.notna() -> True yla OAa ekTOG amo to 'C'.

Note: H xprion twv isna/notna mpotipdrtot cuvhBwg otn olyxpovn Python, kabwg to dvopa sival o

okpLPBEg (N/A - Not Available).

import pandas as pd
import numpy as np

# Anuioupyla evdg Series pe dL1&popeg TLUEQ, ouumeplAouBavopévev NaN
data = [10, 25, 30, np.nan, 45, 50, 18, np.nan, 32, 27]
s = pd.Series(data, name='T uéc')

print ("Apyx 1xd Series:")
print(s)
print("\n" + "="*50 + "\n")

# 1. Boolean indexing (emiAoyr B&oel oUuvOAKNG)

# BEmiAéyoupe poévo TLQ TLUéQ mou elval peyodUtepec amad 30
boolean indexed = s[s > 30]

print("1l. Boolean indexing (s > 30):")

print (boolean indexed)

print("\n" + "="*50 + "\n")

# 2. .where(cond) — diLatnpel TLg TLRég O6mou n ouvlNkn eival True, AAALAC
NaN

# EO® dlLatnpolUupe tLlpég > 20, aAALOC NaN

where result = s.where(s > 20)

print("2. .where(s > 20):")

print (where result)

print("\n" + "="*50 + "\n")
# 3. .mask(cond) - diLatnpel TLg TLRég Omou n oOUVvONKkn eival False, aAALQC
NaN

# EO®O amoxkpUmtouus (mask) tipég > 20, dnA. diatneoUupe tipég < 20
mask result = s.mask(s > 20)
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print("3. .mask(s > 20):")
print (mask result)

print("\n" + "="*50 4+ "\n")

# 4. .between(left, right) - emiotpépel boolean Series ov n tiuf Rploxketal
petaéd dUo oplwv

between result = s.between(20, 40) # ovunepldopBdvovial Ta épLa

print("4. .between (20, 40):")
print (between result)
print("\n" + ":"*50 + ll\nll)

# 5. .isin(values) — eXéyxel ov n TLuh avarel oe pla Alota/oclGvodro
isin result = s.isin([25, 45, 50, 100])

print("5. .isin([25, 45, 50, 100]):")

print(isin result)

print("\n" + "="*50 4+ "\n'")

# 6. .isna() - emiotpéeel True yla TLPéEQ NaN
isna result = s.isna()

print("6. .isnal():")

print(isna result)

print("\n" + "="*50 4+ "\n'")

# 7. .notna() - emiotpépel True via un-NaN Tiuéc
notna result = s.notna()

print("7. .notna():")

print (notna result)

print("\n" + "="*50 4+ "\n")

# 8. .isnull() - Lo0odUvauo TOU .isna/()
isnull result = s.isnull()

print("8. .isnull() ({dto pe .isna()):")
print(isnull result)

print("\n" + "="*50 4+ "\n")

# 9. .notnull() - Lo0odUvapo ToU .notna ()
notnull result = s.notnull()

print("9. .notnull() ({dLo pe .notna()):")
print (notnull result)

print("\n" + "="*50 + "\n")

# EmimAéov: Xpron tov boolean Series via ¢LATP&PLOUQ
print ("Epopupoyn boolean Series ot1o apyxlkd Series (m.x.
s[s.between (20,40)]) :")

print(s[s.between (20, 40)1)

K. 3.3.3: Mapadetyua yio T pedodbouc BOOLEAN INDEXING & QINTPAPISMA
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3.3.4. Ta&wounon & Avadiataln

.sort_values() TofLVOUNON KATA TLUEG ascending=True
.sort_index() Talvounon Kata eupetnplo  ascending=True
.reindex(new_index) AM\ayr eupetnpiou fill_value=None
.reset_index() Enavadopd supetnpliou drop=False

.reindex_like(other) 1610 index pe GAAn -
.nlargest(n) N LEYAAUTEPEC TIUEC keep="first'
.nsmallest(n) N UKPOTEPEG TIUEG keep="first'

Mivakag 3.3.6: MéGobot yia taéivounon & avadiataén

Evw ol mponyoUpeveg néBodol adopoloav TNV emloyn, aUTEC 6w adopolv TV Opyavwon, T

Siartagn kot tn popdn Tou Series ooc.
Ag XpnoLpomoloou e £va Series e ovOUATA TPOTOVTWY KaL TIG TUUEG TOUG:

import pandas as pd

# Tipéc moAnong via 4 mpoldvia (pe avoaxkaTeuévo index)

prices = pd.Series([150, 20, 300, 80], index=['Laptop', 'Mouse',6 'Monitor',
'Keyboard'])

1. sort_values() & sort_index() - H Ta§wopnon

AuTéc oL péBobdol Balouv ta dedopéva oag o€ oeLpd.

e .sort_values(ascending=True): Taflvopuei pe BAaon To mMePLEXOUEVO (TLG TLUEC).

o MNapadbeyua: prices.sort_values() -> Oa ¢pépel mpwto To Mouse (20) kat teheutaio to

Monitor (300).
e .sort_index(): Tafwopel pe Baon 1o 6voua tou index (aAdaBntikd).

o Mapabdewyua: prices.sort_index() -> Oa pépel mpwto to Keyboard kat tedeutaio to

Mouse.
2. reindex() & reindex_like() - ANAayr} Aopng

e .reindex(new_index): Jog emitpénel va aAGEETE TN OEPA TWV YPAUUWY 1 va ipocBéaete

vEeq. Av To véo index mepLéxel kTl mou Sev uTpXE TipLy, To Pandas Ba BaAouv NaN.

o Mapabdewyua: prices.reindex(['Laptop’, 'Mouse', 'Tablet'], fill value=0) -> ©Oa

kpatfoel Laptop/Mouse kal Ba mpooBéoel o 'Tablet' pe tun 0.
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e .reindex_like(other): Maipvel to index and €va dAho Series r; DataFrame kat to emPAAAeL

010 61K0 oag. Eivat o «kaBpédptne» TnG dopng evog GAAOU AVTIKELLEVOU.
3. reset_index() - Enavadopd oto Mndév

Autn n pEBOBSOG «TeTAELY TO UTIApYOV index (T.X. T ovopaTa TwV TPOIloVIwY) Kat BAlel To KAAOKO

oaplBuntiko index (0, 1, 2...).
e drop=False: To maAlo6 index ylvetal otiAn (Letatpémnovrag to Series o DataFrame).
e drop=True: To maALo index Staypddetal opLoTKA.

o Mapabdeyua: prices.reset_index(drop=True) -> Oa €XETE LOVO TIC TIUEG e index O, 1,

2, 3.
4. nlargest() & nsmallest() - OL NpwTa®Antég

Avtl va ta€lvounoete 6Ao to Series (mou eival apyo oe peydha dedopéva), autég ol pébBodol oag

]

Sivouv ypnyopa touc "Top N" 1} toug "Bottom N".
¢ .nlargest(2): Oa emiotpéPel Tic SUo Lo akpLBEC TLHEG (Monitor: 300, Laptop: 150).

e .nsmallest(1): Oa smotpéPet Tn pOnvoOTEPN TR (Mouse: 20).

import pandas as pd
import numpy as np

# Anuiloupyla evdg Series pe un toflvounuéveg tilpéc rol tuxalo index
values = [42, 15, 30, 8, 25, 50, 12, 100, 33, 7]

index labels = ['zeta', 'alpha', 'gamma',6 'beta', 'delta', 'epsilon',
'eta', 'theta', 'iota', 'kappa'l

s = pd.Series(values, index=index labels, name='Numbers')

print ("Apx k6 Series (un toftvounuévo) :")

print(s)

print("\n" + "="*60 + "\n")

# 1. .sort values () - Tafivoéunon xaté& tTLuéc (ascending=True)
sorted by values asc = s.sort values(ascending=True)
print("1l. .sort values (ascending=True) :")
print(sorted by values asc)

print("\n" + "="*60 4+ "\n")

# .sort values() pe descending

sorted by values desc = s.sort values(ascending=False)
print (" .sort values (ascending=False) :")
print(sorted by values desc)

print("\n" + "="*60 4+ "\n")

# 2. .sort index() - Tafivéunon xkat& eupetnelo (ascending=True)
sorted by index asc = s.sort index(ascending=True)
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print("2. .sort index (ascending=True) :")
print(sorted by index asc)
print("\n" + "="*60 + "\n")

# .sort index () pe descending

sorted by index desc = s.sort index(ascending=False)

print (" .sort index (ascending=False) : ")

print(sorted by index desc)

print("\n" + "="*60 + "\n")

# 3. .reindex(new_index) - AN ayn eupetnelou, pe fill value yla véo
otolyxela

new index = ['alpha', 'beta', 'gamma',6 'delta', 'epsilon', 'zeta',6 'eta',

'theta', 'lambda', 'mu']
reindexed = s.reindex(new index, fill value=0) # ZuunAfpwon pe 0 omou dev
un&px el TLUN

print("3. .reindex(new index, fill value=0):")

print (reindexed)

print("\n" 4+ "="*60 + "\n'")

# 4. .reset index () - Emovagopd esupeinplou oe mpoxaboplouévo axképalo index
# drop=False: n moAld& et1lxéTta yivertal othAn (oe Series yivetal Series ue
index 0,1,2,... xalL 10 6voux Tou index mpootiBetal wg 'index')

reset drop false = s.reset index(drop=False) # drop=False -> diatnpel to0
noAld index wg otnAn 'index' (Series -> Series pe index 0..n Kol T

dedouéva? Ilpoocoxn: reset index oe Series emioTpépel DataFrame ov
drop=False; Ac¢ 1o dleuxkplviooupe.)

# ZTnv mpaypotixkdétnto, n .reset index () oe Series emiotpépel DataFrame av
drop=False, ylatl dnuioupyel otHAn pe tov maAld index. T'ta va 1o delfoupe
owotd, Bo 1o dlaxwploouue:

print("4. .reset index(drop=False): EniLotpépel DataFrame:")

reset df = s.reset index(drop=False)

print(reset df)

print ("\nAv drop=True, T10 index vivetal default integer index, xwplg
dlaThHpNnon INng maALAC €T LKETHC:")

reset drop true = s.reset index(drop=True)

print (reset drop true)

print("\n" + "="*60 + "\n")

# 5. .reindex like(other) - Ipoocapuoyn index oUppwva pe &AAO Series

# AnuiloupyoUue éva GANO Series pe dLapopetlkd index

other series = pd.Series([1, 2, 3, 4], index=['alpha', 'beta',6 'gamma',
'delta'])

reindex like result = s.reindex like(other series) # Iaipvelr to index Tou
other series, Tlpég amd 10 s () NaN av dev un&pxouv)

print("5. .reindex like (other series) pe other series index

['alpha', 'beta', '"gamma', 'delta']:")

print(reindex like result)

print("\n" + "="*60 + "\n")

# 6. .nlargest(n) - EniLotpo®n TV n PeYOAUTIEQOWV T LUOV

n largest 3 = s.nlargest(3) # xpaté&eL default keep='first' (ov un&pyxouv
LoomaA{eq)

print("6. .nlargest(3):")

print(n largest 3)

print("\n" 4+ "="*60 + "\n'")

# .nlargest pe keep='last' (mpoalpeT k&)

n largest 3 last = s.nlargest(3, keep='last')
print (" .nlargest (3, keep='last'):")
print(n largest 3 last)
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Print("\n" + 11:11*60 + H\nll)

# 7. .nsmallest(n) - EODLOTPO®ON TOV N UPLKEOTEPWY TLUQV
n smallest 4 = s.nsmallest (4)

print("7. .nsmallest (4):")

print(n _smallest 4)

print("\n" 4+ "="*60 + "\n")

# .nsmallest pe keep='last'
n smallest 4 last = s.nsmallest (4, keep='last')

print (" .nsmallest (4, keep='last'):")
print(n smallest 4 last)
print("\n" + "="*60 + "\n")

K. 3.3.4: Mapadetyua yia ¢ uedodous taétvounon & avadiataén

3.3.5. Emetepyaoio NaN Tipwv
Mé£6o80o¢ Nepypadn MNapdpetpot
.dropna() Awaypadn NaN tipwv  axis=0

fillna(value) ZupmAnpwon NaN method=None

fHill() Forward fill -
.bfill() Backward fill -
.isna() ‘EAeyxog yta NaN -
.notna() ‘EAeyxog yta un-NaN -
.interpolate() NoapepPoAn THWY method='linear'

Mivakag 3.3.7: MéGobol yia eneéepyacia NaN tiuwv

Twpa pnaivoupe otnv kapdld tou Data Cleaning. Itov mpaypatikd koopo, ta dedopéva eival
«Bpwutka» kot yepdta keva (NaN - Not a Number). Autég ol pébodol sival ta epyaleia mou
XPNOLUOToLElG yia va amodoaoioslg av Ba metafelc ta mpoPAnuatika Sebopéva n av Ba ta

«MAVTEPELG» YL VOL CWOELS TNV TapTida.

Ag TAPOUE €va Series TIOU OVTLPOOWTEVEL OEPUOKPACIEG HECA OTNV NUEPA, OTIOU O ALEBNTAPOC

elye kamoleg Slakomec:

import pandas as pd
import numpy as np

# Ocpuokpacieg pe revd
temp = pd.Series([20, np.nan, 22, np.nan, np.nan, 26], index=['08:00",
'09:00', '10:00', '"11:00', '12:00', '13:00'])

1. .dropna() - H Pu{ikn} Auon

Av Sev gumioteleocal Ta Keva, amid ta Slaypadel.
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o Mapddsiypa: temp.dropna() -> Oa emniotpePel povo tig 3 wpeg mou €xouv tun (08:00,

10:00, 13:00).

e Mapdpetpog axis: to Series elval mavia 0 (ypapuég). Zta DataFrames pmopeic va

Slaypaelg oAOkANpeG otNAeg pe axis=1.
2. fillna(value) - H ZtaBepn ZupnAnpwon
AvtikaBlotag kaBe NaN e Lo GUYKEKPLUEVN TN N £VO OTATLOTIKO oTolyelo (.. Tov Héoo Opo).
e Mapddsiypa: temp.fillna(0) -> OAa ta keva yivovtal 0.

e Mo £funvo: temp.fillna(temp.mean()) -> lepilel ta keva pe tn péon Beppokpacio Twv

UTTOAOLTTWV WPWV.
3. .ffill() & .bfill() - H Aoywn tn¢ Mettoviag
AUTEC oL HEBoSOL elval «TEUTTEAKES» OAAAL ATIOTEAECATIKEG, ELOLKA OE XPOVOOELPEC.
o ffill() (Forward Fill): Naipvel Tnv teAevTaio yvwoTtr) TIUA KAl TN OTIPWYVEL TIPOC TOL EUITPOG.
o Anotédeoua: Itig 09:00 Ba BaAet 20 (auto mou eixe otig 08:00).
o .bfill() (Backward Fill): Maipvel Tnv emMOpevVn yvwoth TR Kot T GEPVEL TTPOC Ta Tiow.
o Anotédeoua: ¥tic 09:00 Ba BaAel 22 (autd mou €xel otig 10:00).
4. .isna() & .notna() - O‘EAeyxog
Tig eldape kat mpLy, aAAd edw lval n BacLK TOUG XPrON: O EVIOTILOUOG.

e .isna(): Zou beixvel MoOU €xelg «TpUMEGY. Av ypalelc temp.isna().sum(), Ba cou mel akpLBwg

nooeG TIUEC Aelmouv (ebw 3).
e .notna(): To avtiBeto. Xprowo yla va deig mooa Ssdopéva ival £ykupa.
5. .interpolate() - H «E§urtvn» MpdBAsyn

Avtl va yepioel ta kevd pe pla otabepny Twun, n .interpolate() mpoomnabetl va Bpet tn Stadpoun

Hetafl Suo onuelwv. H mpoemnleyuévn uéBodog eival n linear (ypappikn).

e Mapadsiypa: Av otig 08:00 €xet 20 kat otig 10:00 €xel 22, n pEB0SOG Ba «LAVTEPEL» OTL OTLC
09:00 n Beppokpacia nrav 21.

e MaBnpatikd: MNa ypopupikr napepBolr petafy Svo onpeiwv (x;,y,) kat (x,,»,), n wun
y oto onpeio x umoloyiletal wg:
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Yo=Y
y:yf“x_M}AtJ'

Xy =X

H napapetpog inplace=True, av tn XpnoLLOMOLNOELG, N aAlayn Ba yivel mAvw oto apXKo Series Kal

b6ev Ba xpelwaotel va to ekywpnoelg fava (m.x. temp.dropna(inplace=True) avti ywa temp =

temp.dropna()). Qotdoo, n clyxpovn tacn ota Pandas ival va To anodeUyoue yla va £XOUUE TILO

KaBapo Kwdika.

import pandas as pd
import numpy as np

# Anuiloupyla Series pe TLuég kol NaN (upe etikétec string)
data = [10, 25, np.nan, 30, np.nan, 45, 50, np.nan, 18, 32]
index labels = ['A', 'B', 'C', 'D', 'E', 'F', 'G', 'H', 'I',
s = pd.Series(data, index=index labels, name='Acooucva')
print("ApxLxd Series pe NaN:")

print(s)

print("\n" + "="*60 + "\n'")

# 1. .dropna/()

s_dropna = s.dropna/()
print("1. .dropna():")
print(s_dropna)

print("\n" + "="*60 + "\n'")

# 2. .fillna(value)

s _fillna value = s.fillna(0)
print("2. .fillna(0):")
print(s _fillna value)
print("\n" + "="*60 + "\n")

# 3. .fillna(method='ffill")
s _fillna ffill = s.fillna(method="ffill")

print("3. .fillna (method='ffill'):")
print(s_fillna ffill)
print("\n" 4+ "="*60 + "\n'")
# 4. ffill ()

s ffill = s.£f£i11()
print("4. .ffill():")
print(s ffill)

print("\n" 4+ "="*60 + "\n'")
# 5. .bfill ()

s bfill = s.bfill()
print("5. .bfill():")
print(s bfill)

print("\n" + "="*60 + "\n")
# 6. .isna/()

s _isna = s.isna()

print("6. .isnal():")
print(s_isna)

print("\n" + "="*60 + "\n")
# 7. .notna/()

IJI]
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s_notna = s.notna()

print("7. .notna():")

print(s_notna)

print("\n" + "="*60 + "\n")

# 8. .interpolate (method='linear') - Agitoupyel pe omolodhmore index
s_interpolate linear = s.interpolate(method='linear')

print("8. .interpolate (method='linear'):")

print(s_interpolate linear)

print("\n" + "="*60 + "\n'")

# 9. .interpolate (method='polynomial', order=2) - oamnoaltel apldBuntLkd index
# AnulLovpyoUpe mpocwplvd Series pe aplbuntixkd index (reset index)

s numeric index = s.reset index(drop=True)

s_interpolate poly = s numeric index.interpolate(method='polynomial',
order=2)
print("9. .interpolate (method='polynomial', order=2) (upe oplBuntLxd

index) : ")
print(s_interpolate poly)
print("\n" + "="*60 + "\n")

# EmitmAéov: .bfill() pe limit

s bfill limit = s.bfill(limit=1)
print("EximAéov: .bfill (limit=1):")
print(s _bfill limit)

K. 3.3.5: Mapadetyua yia tig uedodoug NaN tiuwv

3.3.6. Metaoxnuatiopot TUTwyv & Tiuwv

MéBodo¢g Nepypadn Edappoyn
.astype(dtype) AMayr) Tumou edouévwy s.astype(float)
.convert_dtypes() Metatpornn o€ BEATLOTONMOLNUEVOUC TUTTIOUG -

.infer_objects() EKTiNON TUTIWV QVTIKELLEVWY -
.replace(to_replace) Avtikataotacn TLHWV {maAd: véa}
.map(mapper) AvtloTtoiylon TLHwV Ne€ko/ouvaptnon
.apply(func) Edappoyn cuvaptnong -

.rename(name) AM\ayr) ovopatog Series -

.copy(deep) Anpoupyia avilypadou deep=True

Mivakac 3.3.8: MéSobot yLa UETAOYNUATIOUOUS TUTTWV KoL TULWV

AUTEC oL péBobol Sev alhdlouv amhwe tn datatn twv dedopévwy, aAld th $Uon toug (tov TuTo
TOUG) KOlL TO TEPLEXOMEVO TOUC. Elval Ta epyaleia TOU XPNOLUOTMOLOUE yLo VO KAVOULE Ta dedopéva

Mg «kaBapd» Kol cupBatd pe HadnUatika LovTéAa.

AG XpNOLUOTIOL OOV LE €va Series TOU TEPLEXEL «aKkaTaoTata» Sedopuéva:

import pandas as pd
import numpy as np
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# Agdouéva mou poldlouv pe apldpolc odAd elvoal strings, xal peplkd codes
s = pd.Series(['1', '"2', "3.5', "4"'], name='Prices')
codes = pd.Series(['A', 'B', 'A', 'C'], name='Categories')

1. astype() & convert_dtypes() - H AAAayn Tunou

e .astype(dtype): Avaykalel to Series va petatpamnel oe €vav CUYKEKPLUEVO TUTO. oAU

xpnotuo otav poptwvelg dedopéva kal ol aplBuoi Stapalovtal wg Kelpevo.
o Mapadseypa: s.astype(float) -> Metatpénel ta strings oe Sekadikoug aplBuoug.

e .convert_dtypes(): H o «£€umvn» ékdoon. To Pandas e€etdlel Ta dedopéva Kal eMIAEYEL
HUOVO TOU ToV KaAUTEPO SuvaTo TUTO (M.X. XPnolUomolel Toug véoug nullable integer TUmoug

OV UTIAPYOUV KEVA).
2. .infer_objects() - H Ektipunon

Xpnolporoleital Kuplwg otav xelc éva Series pe tumo object (yeviko keipevo/pelypa). H pebodog
nipoonaBei va KataAdBeL av To AVTIKELUEVA HECA E(VAL OTNV TIPAYHUATIKOTNTO KATL TILO CUYKEKPLUEVO

(6nwg integers n floats) kal To HETATPETEL AVOAOYWG.
3. .replace() & .map() - H Avtikatdotaon
ESW aAAG{OUE TO TIEPLEXOEVO TWV KEALWV.
¢ .replace({malid: véo}): 16aviko yla va SlopBwoelg cuykekpLuévo Aadn.
o Mapadewypa: s.replace({'1": '10'}) -> Onou €PAene '1', twpa Balel '10'.

e .map(mapper): Mo wYxupod. Mmopel va mdpel €éva Aeflkd 1 ML OouvAPTNON Kol va

METAOXNHUATIOEL KAOE TLUN.
o Mapadsypa: codes.map({'A": 'High', 'B": 'Medium’, 'C": 'Low'}).
4. .apply(func) - H Epappoyn Zuvaptioswv

Av oL étolpeg péBodol bev oou dtavouv, pmopeic va ypaelg tn Sk cou cuvapTnon Kal va TV

edapuooelg o KABe otolyelo.
e Mapadsiypa: s.astype(float).apply(lambda x: x**2) -> YrnoAoyilel To teTpdywvo KAOe TUAG.
5. .rename() & .copy() - Tavtotnta ko Acpaieila

¢ .rename('NewName'): AN\GZeL To Gvopa Tou iSLou Tou Series (OxL Twv meplexopévwy). Elval

XPNOLUO OTOV TIPOETOLUALELS £va Series yLo Vo TO eVWOEeLg (merge) pe éva dA\o DataFrame.
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i
i

o .copy(deep=True): Mpoocoxn €6w. Av ypdlelc s2 = s, tote Omota aAloyf KAvelg oto s2 Ba

oANGEeL Kal To apxko s. Me to .copy(), Snuoupyeic éva evteAwg avefdptnto avtiypado otn

HVARN.

mport pandas as pd
mport numpy as np

# Anuiloupyla Series pe pLxToUg TUNOUC Oe€dOUEVOV
'6', np.nan,

data = ['1', '2', '"3.5",

print ("Apx kb Series

print(s)
print ("Tonoc dedopévav:", s.dtype)

print("\n" +

#

1. .astype(dtype) - AAAayn tUmou oce float

v4.ov, v5v,

":"*60 + "\n")

petatpénovial oe float NaN)
_float = s.astype(float)

S

print("1.

print(s_float)
print("Néog tUmoc:", s_float.dtype)
print("\n" + "="%60 + "\n")

#
#

S

print("2.

.convert dtypes ()

.astype (float) : ")

(ue strings koL NaN) :")

2.
(m.x. Int64 yvia axképaloug mou uvnmootnptlouv NaN,
_converted = s.convert dtypes()

print(s_converted)

print ("Néog tUmocg:",

.convert dtypes():")

s converted.dtype)

|8|, |9|, VIOV]
s = pd.Series(data, index=range(10, 20), name='original series')

(ayvoe

Ta NaN; 1o NaN

- Metatponny og PBeAtiLotonolnuévoug TUnouc pandas

string tUmo xAm.)

# MiBov& string 1§ Int64 avaioya

print(”\n” + ”:”*60 + W\nn)

# 3. .infer objects() - Extipnon tdmev yio object columns

# AnuiloupyoUue éva Series pe 1Uno object odA& aplBuUNT LKA dedopéva wg
strings

s_object = pd.Series(['l', '2.2', '3',

print("lIptv .infer objects():")

print(s_object)
print("dtype:", s object.dtype)

s_inferred = s object.infer objects()

print("3. .infer objects() :")

print(s_inferred)

print ("dtype pet&:", s _inferred.dtype)

strings umopoUv va yivouv aplbuol

'4.5'],

dtype='object'")

# HpémeL va yivel float6d ov oA

print ("\n" + "="*60 + "\n")

# 4. .replace(to_replace) - AVILKATAOTOON T LUOV

# AVTLRKATAOTOON OUYKEKPLUEVOV TLPdV, m.x. to '3.5' pe 999, 1o NaN pe -1
# MmopoUue va XpnolLpomno lhooupe Ae& kO {modt&: véa}

s_replaced = s.replace({'3.5': 999, np.nan: -1})

print("4. .replace({'3.5': 999, np.nan: -1}):")

print(s_replaced)

print("\n" + "="*60 + "\n")

# 5. .map (mapper) - AviLlLoTtolxlon TLudV pe Agflkd N ouvdpInon

# IM.x. oviiotolxlon aplOunTt LKOV T LRdV (petd omd petatponi) o€ xatnyopleg
# Ipodta petatpénoupe oe float via va éxouue oplBuoUc

s_num = s.astype(float)

# Neflkd avriotoixlong: TLuég < 5 => "uikpd', >=5 -> 'ueydAo'

TX
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# Hpoocoxnh: .map() pe Agfixd Ba aviLlRKATHOTHOE L pdévo 60eC TLUEC UNDAPXOUV ©C

KAe1dL&, ol unmbAolmeg yivovial NaN
# T'L' oautd roAUTepa pe ouvdpinon:
def categorize(val):
if pd.isna(val):
return '&yvwoTo'
elif val < 5:
return 'uixpod’
else:
return 'upesy&Ao'

s_mapped = s num.map (categorize)

print("5. .map(categorize) (pe ouvdptnon) :")
print(s_mapped)

print("\n" + ":"*60 + H\nll)

# 6. .apply(func) - Epopupovyn ouvdpinong oe k&Oe otolxelo

# MmopoUue va €eappdoouUlle OMNO LAdANIOTE OUVAPTINON, MI.X. TETPAYWVO
s_squared = s num.apply(lambda x: x**2 if not pd.isna(x) else np.nan)
print("6. .apply(lambda x: x**2) (tetpdywvo, oyvohviag NaN) :")
print(s_squared)

print("\n" + ":"*60 + H\nll)

# 7. .rename (name) - ANAayN ovoéuxtog Series
s_renamed = s.rename('renamed series')
print("7. .rename ('renamed series'):")

print (s_renamed)
print ("Ovoux:", s renamed.name)
print("\n" + "="*60 + "\n")

# 8. .copy(deep=True) - Anuiouvpylo oavilypdeoyu

s_copy = s.copy(deep=True)

print("8. .copy(deep=True) :")

print(s_copy)

print("El{val to (dLo aviixkelipevo;", s copy is s) # False

print ("TpomnomolLoUue 10 avtiypapo - mpooBétoupe 100 ota mpdta 5 otoiyxelia™)

s _copy.iloc[:5] = s copy.iloc[:5].astype(float) + 100
print ("TponmonmoLinuévo avtiypapo:")

print(s_copy)

print ("Apx k6 mopopével (dto:")

print(s.head())

print("\n" + "="*60 + "\n'")

K. 3.3.6: Mapadetyua yia ¢ uedodoug UETACYNUATIOUOUE TUNIWY KAL TLUWV

3.3.7. XtotoTikec MeéBodot

MéBodo¢g Nepypadn) Eruotpodn
.count() MANBo¢ un-NaN Aképalog
.sum() ABpolopa ApLOLOG
.mean() Méaoog 6pog ApLOuOG
.median() Aldpecog ApLOuOG
.mode() Emikpatoloo T Series
.min() EAdyLotn TR ApLOuOG
.max() MéyLotn Twun ApLOuOG
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.std() Tumkn amokAlon AplBuog

.var() AwakOpavon AplBuog
.sem() ShaAua pEcou 6pou AplBuog
.quantile(q) MNocootnuoplo AplBuog
.skew() Nogotnta AplBuog
.kurtosis() Kbptwan AplBuog

.describe() MAnpng otatiotikn cuvoyn

Mivakac 3.3.9: MéJobot yia Ztatiotikn eneéepyaoia

AuTéc oL péBobol ovopdalovral Neplypadikn Ltatiotikn (Descriptive Statistics) kot pog enitpénouv

Vo KATAAABOULE TNV «TIPOCWTUKOTNTOY TWV SESOUEVWY LOG LE LEPLKA LOVO KALK.

AG XPNOLLOTIOLHOOUE €va Series TTOU QVTUTPOCWIEVEL TOUG BaBpolg pog Taéng (e €va Kevo yla

£vav padntn mou €Aelme):

import pandas as pd
import numpy as np

grades = pd.Series([12, 15, 15, 18, 20, np.nan, 14], name="Grades'")

1. Kevtpikn Taon (Mol «yépvouv» ta Sedopéva;)
AUTEC OL TLHEG PG Seixvouy To KEVTPO TwV SeSOUEVWVY LOG.

¢ .mean() (Méoog Opog): To aBpolopa OAwv Twv TLHWV Sla To TARB0C TOouG.
Z X;
f — i=1
n

e .median() (Aiduecog): H pecaia T av PAaAloupe ta voupepa otn oelpd. Elval mio

«aVOEKTIKN» o€ akpaieg TIUEC (outliers) amo tov péco opo.

e .mode() (Empatovoa Tur): H Tiun mou gpdaviletol o cuxvda. 3To TaPAdelyud pag sivat

to 15.

Inueiwon: Emotpedel Series, yloti pmopel vo €xoupe 800 1 MEPLOCOTEPES TIUEC TIOU LooPndouy

otnv mpwtn Béon.
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2. Awoomopad (N6oo «amAwpévor ival ta dsdopéva;)
Mag Aéve av ol BaBpot eival 6AoL kovtd oto 15 1) av £xoupe HeyAAeC amokALoELG.

e .std() (Turukr AndkAion): Mag deixvel mOCO AMEXOUV OL TIUEC Ot Tov HEoo Opo. YPNAO std

onuaivel peydAn avopolopopodia.

EZ(Xi—iﬁz

n-—1

o .var() (AwakVpovon): To TETpAywvo tng TUTIKAG artokAong (S\sigman2$).

o .sem() (Standard Error of the Mean): Metpdel tnv akpifela pe tnv onola o HEGOG OPOC TOU

SelypaTtog avTimpoowneVUeL Tov HEGO 0pO Tou MAnBuaouou.
3. IxAna Katavoung & O¢on

e .quantile(q): Emiotpédel TNV TUR KATW amd tnv omoia Pploketol €va MOCooTO TWwV

SeSopévwv. MN.x. To .quantile(0.5) ivat n didpecoc.

o .skew() (Nogotnta): Asixvel av n katavour eival cUUUETPLKA. Av eival Betikn, €xoupe

«OUPA» TIPOG TLC UEYAAEC TLUEC.
e .kurtosis() (KOptwon): Asixvel mdéoo «axunpeni» 1 «mAatid» gival n katovopn (av €Xoupe
TIOAAEG OKPALEG TIUEG).
4. OvBaowkoi Metpntég

e .count(): Metpdel mooeg TWEG umapxouv (e€aipel ta NaN). Ito mapddsyud pag Ba

emoTtpEPeL 6, evw To len(grades) Ba enéotpede 7.
e .sum(): To dBpolopa OAwV Twv Babuwv.
e .min() / .max(): O xaunAdtepog kot o uPnAdTEPOC BaBuOC.
5. .describe() — Zuykevtpwtikd otowxeia meplypadLkng OTATIOTIKAG

.describe() oou divel Ta onupavtikdtepa (count, mean, std, min, 25%, 50%, 75%, max) He pia kivnon.

Elval To mpwto npdypa mou tpéxel kKaBe Data Analyst LOALG TtapeL véa SeSopéva oTa XEPLA TOU.

import pandas as pd
import numpy as np

# Anuioupyla evéc Series pue aplOBunt Lk dedopéva kol peplkéc NaN T Luéc

data = [15, 22, 31, 44, np.nan, 28, 35, 41, np.nan, 19, 27, 33]

index labels = ['A', 'B', 'C', 'D', 'E', 'F', 'G', 'H', 'I', 'J', 'K', 'L']
s = pd.Series(data, index=index labels, name='Acdoucva')
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print ("Apx kb Series:")

print(s)

print("\n" + "="*60 + "\n")

# 1. .count() - MNARGoc pn-NaN T Lpdv
count val = s.count()

print("1l. .count():", count val)

print("TUmnoc:", type(count val))
print ("-"*40)

# 2. .sum() - ABpolopa (ayvoel NaN)
sum val = s.sum()
print("2. .sum():", sum val)

# 3. .mean() - Méocog d6pocg

mean_val = s.mean()

print("3. .mean():", mean val)

# 4. .median() - AL&peoog

median val = s.median()

print("4. .median():", median val)

# 5. .mode () - EmlxpatoUoa TLun (enmLoTpépel Series)
mode val = s.mode ()

print("5. .mode () :")

print (mode val)
print("TUnoc emioTpoenc:", type(mode val))

# 6. .min() - EA&XLOTNn TLun

min val = s.min()

print("6. .min():", min val)

# 7. .max() - MéyiLotn TLuf

max val = s.max()

print("7. .max():", max val)

# 8. .std() - Tumixkh omdérAion (delypatocg)
std val = s.std()

print("8. .std():", std val)

# 9. .var() - AiraxGpavon (6elypoatocq)

var val = s.var()

print("9. .var():", var_val)

# 10. .sem() - Tumixd o@dAua Tou pécou OPOU
sem val = s.sem()

print("10. .sem():", sem val)

# 11. .quantile(qg) - Hocooctnudépio (gdd® 0.25, 0.5, 0.75)
gz5 s.quantile(0.25)

g50 = s.quantile(0.5) # (dLo pe .median ()

q75 = s.quantile(0.75)

print("11. .quantile(0.25):", g25)

print (" .quantile (0.50) :", g50)
print (" .quantile(0.75):", g75)

# 12. .skew() - No&détnta (aocuppetplia)
skew val = s.skew()

print("12. .skew():", skew val)
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# 13. .kurtosis() - KUptwon

kurt val = s.kurtosis()

print("13. .kurtosis():", kurt val)
print("\n" + ":"*60 + H\nﬂ)

# 14. .describe() - IANRpPnNg oOTATLOT LKA oUvoyn
desc = s.describe ()

print("14. .describe():")

print (desc)

print("\n" + ":"*60 + H\nﬂ)

# BEomimAéov: Xphon moapapétpwov (m.x. skipna=False yia va AnebolUv undodyn to
NaN)
print("Me skipna=False (av undpxouv NaN, oL meplLocdTepeC €ILOTPEPOUV

NaN) : ")

print("sum (skipna=False):", s.sum(skipna=False))

print("mean (skipna=False):", s.mean(skipna=False))

# H .quantile() dev éxel skipna, ndvia ayvoel NaN () av OAeg NaN emloTpépe L
NaN)

print("quantile (m&vio ayvoel NaN) :", s.quantile(0.5))

K. 3.3.7: MNapadetyua yLo Ti¢ oTATIOTIKEG UeBOS0UG

3.3.8. Jwpeuvtikol YroAoylopol kot MetaBoAEg

MéBodo¢g Nepypadn) Eruotpodn
.cumsum() SWPEUTLKO aBpolopa Series
.cumprod() ZWPEUTLKO YLVOLLEVO Series
.cummax() SWPEUTIKO LEYLOTO Series
.cummin() ZWPEUTIKO EAAXLOTO Series
diff(periods) AladopEg amo mponyouevo  Series
.pct_change(periods) Mocootiaisg aAlayeg Series

Mivakag 3.3.10: Médobot Swpeutikwy Ymoloytouwv kat MetaBoAwv
AuTEC oL péBodol elval eEQLPETIKA XPrOLLEC OTA XPNUOTOOLKOVOULKA S£60UEVa KOl OTLG XPOVOOELPEC,
KOOWC pag emitpenouv va Sou e TNV eEEALEN evoc peyéBoug aTov xpovo.
AG UTIOBE00UE OTL £XOUE TIG NUEPNOLEC ELOTIPAEELS EVOG KOTAOTAATOC Yia Ui efSopadda:

import pandas as pd
# HuepnolLecg elonpdéelLq

sales = pd.Series([100, 120, 110, 150, 140], index=['Aeu', 'TpL', 'Tet',
'Mep', 'Hop'l)
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1. Zwpeutikoi YrtoAoyiopoi (Cumulative)
AuTéc oL péBodol "ytilouv" MAVW OTI( TPONYOUUEVEG TIUEG, ONULOUPYWVTOG Lo €LKOVA TNG
OUVOALKAG topeiag.

¢ .cumsum() (Cumulative Sum): MpooB<tel KGO vVEa TLUN OTO TpEXOV ABpolopa.

o MNapdabewyua: Tn Asutépa €xoupe 100, tnv Tpitn 100+120=220, tnv Tetdptn
220+110=330 k.0.K.

e .cumprod() (Cumulative Product): NoAAamAacidlel SLadoxLkad TG TIUEG. XpnoLuoToleital

KUplwg o avatoklopoUg i cUVOETEG amodOoELC.
o .cummax() / .cummin(): Kpatolv to "pekop" vPnAdtepng 1 XOUNAOTEPNG TIUAC TIOU £XEL
ONUELWOEL PHEXPL EKELVN TN OTLYUN.
o MNapadeyua: Av ol TipEG elval [100, 120, 110], to .cummax() 6a dwoel [100, 120,
120].
2. Ynohoyiopoi MetapBoAwv (Differences)
ESw Sev pog evdladEpel To cUVOAO, AAAG N GUYKPLON LETAEY TWV NUEPWV.
o .diff(periods=1): Ymoloyilel tn Stadopd TNG TPEXOUCAC TLUAC ATtd TNV TTPONYOUUEVN.
o MNapadetyua: Tnv Tpitn Ba €xoupe 120 - 100 = 20. Tnv Tetdptn 110 - 120 = -10.

e .pct_change(periods=1): Yrohoyilel To mocootd petaBoAng. Eival to "A" kat to "Q" ya va

SolpE av pLo LETOXNA 1 Kia TwARon avéBnke f £mece mocootLalio.

now prev

o Tumog:

prev
o [Mapabetyua: Anod Asutépa o Tpitn n petapoln sival +20%.

import pandas as pd
import numpy as np

# Anuiloupyla Series pe apldbunt k& dedouéva kol &va NaN
data = [10, 25, 30, 45, 12, 8, 33, np.nan, 27, 50]

index labels = [f'item {i}' for i in range(10)]

s = pd.Series(data, index=index labels, name='Original')

print ("Apx kb6 Series:")

print(s)

print("\n" + 11:11*60 + ll\nll)

# 1. .cumsum() - Jwpeutlxkd &OPO LOUX
cumsum_result = s.cumsum()
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print("1l. .cumsum() (ocwpeut!xkd &BpoLoux) :")
print (cumsum result)

print("\n" + "="*60 + "\n")

# 2. .cumprod() - JwpeuTlkd yLVOpEVO
cumprod result = s.cumprod()

print("2. .cumprod() (ocwpeut!xkd yLvduevo) :")
print (cumprod result)

print("\n" + "="*60 + "\n")

# 3. .cummax () - ZWPEUTLKO PEVLIOTO
cummax_result = s.cummax()

print("3. .cummax () (cwpeuTlkd péyLoTo) : ")
print(cummax result)

print("\n" 4+ "="*60 + "\n")

# 4. .cummin () - ZePEUTLKO £AAXLOTO

cummin result = s.cummin ()

print("4. .cummin () (cwpeuTikd €A&xL0oTO) : ")
print (cummin result)

print("\n" + "="*60 4+ "\n")

# 5. .diff (periods=1) - AlLapopég amd mponyoUuevo (mpoemlAoyrn periods=1)
diff 1 = s.diff() # (dio pe s.diff (1)
print("5. .diff () (dLapopd omd mponyoluevo otolxelo, periods=1l):")
print(diff 1)

print("\n" + "="*60 + "\n")

# Alopopéc pe periods=2
diff 2 = s.diff(periods=2)

print (" .diff (periods=2) (diLapop& amd octolxelo dUo Béocelg mptLv) : ")
print (diff 2)

print("\n" + H:H*6O + n\nn)

# 6. .pct change(periods=1) - IocooTLlalar peTABOAN

pct 1 = s.pct change() # mpoemiAoyn periods=l1

print("6. .pct change() (moocootiala petaBorn amd mponyoUpevo) : ")
print(pct 1)

Print("\n" + ":"*60 + ”\n”)

# Hoocootlala peTafoAr pe periods=2
pct 2 = s.pct change(periods=2)

print (" .pct change (periods=2) (mocoot.ala petafoAn amd dUo BfcelLg
apLv) ")

print(pct 2)

print("\n" + ":"*60 + H\nll)

# EminAéov: oupneplpopd pe fill method (yLa xeiptoud NaN)

# MmopoUue va oplooupe mdC 6 VI LPeTWILOTOoUV T NaN mplv Tov UmoAoyLloud
(r.x. .cumsum(skipna=False))

# Ag doUpe 1n dLapopd av dev ayvonBoUv ta NaN oto cwpeutlkd &BpoLoua
cumsum nan = s.cumsum(skipna=False)

print("Me skipna=False oto cumsum() (octopot&el oto NaN) :")

print (cumsum nan)

K. 3.3.8:Mapadetyua Medodbwv Swpeutikwy Yrmoloytouwv kat MetaBoAwv
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3.3.9. Mabnuatikéc Mpatelc — ApBuntikéc MébBodol

.add(other) MpoacBeon s + other
.sub(other) Adaipeon s - other
.mul(other) MoAAamAacloopog s * other
.div(other) Awaipeon s / other

floordiv(other) Aképata Staipeon s // other

.mod(other) Yrnolouno Swaipeong s % other
.pow(exponent) AOvapun s ** exponent
.abs() ATIOAUTN TN -

.round(decimals)  Xtpoyyulomoinon -
.clip(lower, upper) MNepikomn THWV -
Mivakag 3.3.11: MédoSot Aptduntikwyv Mpdewv
lowc avapwtnBeic: «Mati va ypnotuomoinow t™ puédodo .add() otav umopw anAd va ypadw +;». H
amnavtnon KpuBetal otnv gueAi€ia: ot péBodol twv Pandas (6nwg n .add, .sub, k.ATt.) cou emitpEnouy
va 0piloelg mwe Ba XelpLoTeig TIg TIHEG ou Astmouv (NaN) péow tng mapapétpou fill_value, katL mou

oL armAol TeAeoTEG SV UmopoUV va KAVOUV.

Ag Soupe TIc ueBodouc pe éva mapadelyua pe anobepata SU0 anodnkKwv:

import pandas as pd
import numpy as np

store a = pd.Series([10, 20, np.nan, 40], index=['Apples',6 'Oranges',
'Bananas', 'Pears'])
store b = pd.Series([5, 10, 15, 20], index=['Apples', 'Oranges',6 'Bananas',
'Pears'])
1. Baoweg Npaégeig (Arithmetic)
AuTEG oL HéEBodoL ekteAoUV TIPALeLS oTolyelo pog otolxeio (element-wise).

e .add() / .sub(): MpdcBeson kaL Adaipeon.

o Pro Tip: store_a.add(store_b, fill_value=0) -> Av Aeimouv oL pmavdveg amoé tnv

amoBnkn A, Ba tic Bswpnost 0 kat Ba pooBEcelL to 15 tng amoOnkng B.
e .mul() / .div(): NoAarmaotdlet ) Stopel Tig TLUEC.
o .floordiv(): Emiotpédel pdvo o akepalo uépog tng dtaipeong (. $7 // 2 = 3S).
e .mod(): Emotpédel to umohourno tng Slaipeong (m.x. $7 \% 2 = 15).

o .pow(): YYWVEL TG TIHEG O pa SUvaun.
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2. MaOnuatiky Mopgormnoinon

e .abs(): Metatpémnel OAeC TIGC APVNTIKEG TIUEG ot Oetikéc. Xprnolwwo oOtav UuToAoyilelg

amnokAloglg N opaipara.
¢ .round(decimals): Ztpoyyulomolel TG TIpEG ota Sekadika Pndia mou Oec.
o Mapabdeyua: pd.Series([3.14159]).round(2) -> 3.14.
3. .clip(lower, upper) - O «kKoptng»
AUTH n HEBO0BOG elval EEQALPETIKA XPHOLUN VLA TOV TIEPLOPLOUO TWV akpoiwv TLHwv (outliers).
e Av Lo TN elvat pikpotepn amno to lower, yivetal ion pe to lower.
e Av Lo TN eivat peyaAltepn amnd to upper, yivetal ion pe To upper.

o [lapadetyua: Av £xelc BaBuoloyieg kat BEAELG va alyoupeuTeig OTL Kapia Sev Esmepva to 20

1

N nédtel katw amnod to 0: grades.clip(0, 20).

import pandas as pd
import numpy as np

# Anuioupyla apxlxoU Series s

data s = [10, -5, 7.5, 12, O, 8, 15, -3.2, 9, 4.8]
index s = [f's{i}' for i in range(10)]

s = pd.Series(data s, index=index s, name='s')

# Anuioupyla Series other yia mp&éetic

data other = [2, 3, 1.5, 4, 2, 1, 3, 2, 5, 2]

index other = [f's{i}' for i in range(10)] # (dio0 index yiLa eubuyp&uuLon
other = pd.Series(data other, index=index other, name='other')

print ("Apx kb6 Series s:")

print(s)

print("\nSeries other:")
print (other)

print("\n" + "="*70 + "\n")

# 1. TpbdboBeon .add()
print("1. .add(other):")
print(s.add(other))
print("IcodUvoaupuo s + other:")
print(s + other)

print ("-"*50)

# 2. Agalpeson .sub()
print("2. .sub(other):")
print(s.sub(other))
print("IcodUvapo s - other:")
print(s - other)

print ("-"*50)

# 3. HMoAlamhoolooudg .mul ()
print("3. .mul (other):")
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print(s.mul (other))
print("IcodUvouo s * other:")
print(s * other)

print ("-"*50)

# 4. ANlalpegon .div ()
print("4. .div (other):")
print(s.div (other))
print("IcodUvapo s / other:")
print(s / other)

print ("-"*50)

# 5. Axépala dlLalpeon .floordiv ()
print("5. .floordiv (other):")
print(s.floordiv (other))

print ("IcodUvapo s // other:")
print(s // other)

print ("-"*50)

# 6. YméaoLlmo .mod ()
print("6. .mod (other):")
print (s.mod (other))
print("IcodUvouo s $ other:")
print(s % other)

print ("-"*50)

# 7. AUGvaun .pow ()

print("7. .pow(2) (tetpdywvo):")
print(s.pow(2))

print("IcodUvouo s ** 2:")

print (s ** 2)

print("\n .pow (other) (s oce dUGvaun other):")
print (s.pow(other))

print("IcodUvoauo s ** other:")

print (s ** other)

print ("-"*50)

# 8. AméAutn TLun .abs ()
print("8. .abs():")
print(s.abs())

print ("-"*50)

# 9. Ttpoyyudonoinon .round ()

s_decimal = pd.Series([1.234, 2.345, 3.456, 4.567, 5.678])
print("9. .round(2) oe dexadlxkd Series:")

print(s_decimal)

print ("AnotéAeopo:")

print(s_decimal.round(2))

print ("-"*50)

# 10. HTepikony .clip()

print("10. .clip(lower=0, upper=10) :")
print(s.clip(lower=0, upper=10))
print ("-"*50)

print("\n" + n:n*7o + H\nll)
# Mp&felg pe otabepd
print ("llp&feilc pe otabepd (m.x. 3):")

print("s.add(3):")
print(s.add(3))
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print("s.sub (3) : ")
print(s.sub(3))
print("s.mul (3):")
print(s.mul (3))
print("s.div (3) : ")
print(s.div(3))
print("s.floordiv (3) :")
print(s.floordiv(3))
print("s.mod (3) :")
print(s.mod(3))
print("s.pow (3) : ")
print(s.pow(3))
print("\n" + "="*70 4+ "\n")

# Altaxelplon NaN pe £ill value

s nan = pd.Series([1, 2, np.nan, 4, 5])

other nan = pd.Series([10, np.nan, 30, 40, 501)
print("Series pe NaN:")

print(s_nan)

print (other nan)

print ("lIpbécbeon xwpic £ill value (NaN emixpotel):")
print (s _nan.add(other nan))

print ("lIpécbeon pe £ill value=0:")

print(s _nan.add(other nan, fill value=0))

print ("IoAAamAoo taoudc pe £ill value=1:")

print (s _nan.mul (other nan, fill value=l))

K. 3.3.9: Mapadetyua yio ti¢ Medodoug AptSuntikwy Mpaéewv

3.3.10. 2xéoelc 2Uykplonc (Boolean Output)

M£6060¢ Nepwypadn Emwotpodn
.eq(other) looUTtau pe Boolean Series
.ne(other) ALapopETIKO amod Boolean Series
.gt(other) MeyaAUTtepo amno Boolean Series
It(other) MLKpOTEPO Ao Boolean Series
.ge(other) MeyaAUtepo 1 oo Boolean Series
.Ie(other) Mkpotepo n (oo Boolean Series

.compare(other) ZUykplon pe @AAn Series DataFrame

.equals(other) ‘EAgyx0G LOOTNTAG Boolean

Mivakag 3.3.12: MéJodbol yia tig Syéoelg Suykpiong (Boolean Output)
Onwcg Kot oTL aplOUNTIKEG TIPAEELS, €ToL Kal edw, ol péBodol Twv Pandas mpoodEpouv peyaAltepn
gveliia amd toug amloUg TeAeotég (Omwg ==, >, <), €lblkd Otav £XOoUHE va SLOXELPLOTOUUE
Sladopetika indices ) KEVEC TLUEG.

Ag SoUpe TIg peB6Soug xpnoLpomnolwvtag U0 Series e TUUEG LETOXWV:

import pandas as pd
import numpy as np

stock a = pd.Series([100, 150, 200], index=['AAPL', 'GOOG', 'MSFT'])
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stock b = pd.Series([100, 160, np.nan], index=['AAPL', 'GOOG', 'MSFT'])

1. Ixéosig Z0yKplong (Boolean Output)

Autég oL peBobol ouykpivouv kKGOe otolyeio Kal emotpedouy Eva Series and True/False.
o .eq() (Equal): EAEyxeL av oL TIpEG elval ioec. stock a.eq(100) -> True yia tnv 'AAPL'.
e .ne() (Not Equal): EA£yxeL av oL TIHEG ival SladOpPETLKEG.
o .gt() (Greater Than) / .It() (Less Than): MeyaAUtepo fj LKPOTEPO OO,
o .ge() (Greater or Equal) / .le() (Less or Equal): MeyaAUtepo/MikpoTepo 1 (o0.

Marti va tig xpnowonotow; MNati umopeig va cuykpivelg éva Series pe €va alho Series 1] pe €vav

UEUOVWUEVO aplBUO (scalar) oAU elKkoAa.
2. BaOia uykplon (Deep Comparison)
ESw mepvaype o pebdSoug mou pag delyvouv mou kal mwg StadEpouv ta dedopéva poc.

e .equals(other): Autr n néBodog emotpédel Evav Katl povo Boolean (True ) False). EAéyyel

av ta Suo Series sival mavopoldtuna (idla otolyeia, iblo index, i6Lo¢ TUMOG dedopuévwy).

o [poooxn: To stock a.equals(stock _b) Ba emiotpéPel False yiati Stadépouv otnv

T ™G 'GOO0G' kat tng 'MSFT'.

e .compare(other): H o xprown nEBodog yla tov eviomopo dladopwv. Emotpeédel éva

DataFrame mou deixvel Hovo TIG TUEG TTou Stadépouy, dimAa-6imia.

o Mapadeyua: stock_a.compare(stock_b) Ba pag 6eietl évav mivaka pe ti¢ Stadopég

otig 'GOOG' kat 'MSFT'.

import pandas as pd
import numpy as np

# Anuioupyla apxlxoU Series s

data s = [10, -5, 7.5, 12, O, 8, 15, -3.2, 9, 4.8]
index s = [f's{i}' for i in range(10)]

s = pd.Series(data s, index=index s, name='s')

# Anpioupyla Series other via mp&éelg

data other = [2, 3, 1.5, 4, 2, 1, 3, 2, 5, 2]

index other = [f's{i}' for i in range(10)] # (di0 index vyia eubuypdupLon
other = pd.Series(data other, index=index other, name='other')

print ("Apx kb6 Series s:")

print(s)
print("\nSeries other:")
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print (other)
print("\n" + "="%70 + "\n")

# 1. TpdoBeon .add()
print("1l. .add(other):")
print(s.add(other))
print("IcodUvouo s + other:")
print(s + other)

print ("-"*50)

# 2. Agalpeon .sub()
print("2. .sub (other):")
print(s.sub (other))
print("IcodUvapo s - other:")
print (s - other)

print ("-"*50)

# 3. MoAiamAooloopdg .mul ()
print("3. .mul (other):")
print (s.mul (other))
print("IcodUvouo s * other:")
print (s * other)

print ("-"*50)

# 4. Alalpeon .div ()
print("4. .div (other):")
print(s.div (other))

print ("IcodUvapo s / other:")
print(s / other)

print ("-"*50)

# 5. Axépaira dlLailpeon .floordiv ()
print("5. .floordiv (other):")
print(s.floordiv (other))

print ("IcodUvauo s // other:")
print(s // other)

print ("-"*50)

# 6. Ynoroimo .mod ()
print("6. .mod(other):")
print(s.mod (other))

print ("IcodUvapo s $ other:")
print(s % other)

print ("-"*50)

# 7. AUGvaun .pow ()

print("7. .pow(2) (teTp&ywvo) :")
print(s.pow(2))

print("IcodUvouo s ** 2:")

print(s ** 2)

print("\n .pow (other) (s oce dGvaun other):")
print (s.pow(other))

print("IcodUvoapo s ** other:")

print (s ** other)

print ("-"*50)

# 8. AméAutn tTLun .abs ()
print("8. .abs():")
print(s.abs())

print ("-"*50)
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# 9. Ztpoyyuvdomnoinon .round /()

s_decimal = pd.Series([1.234, 2.345, 3.456, 4.567, 5.678])
print("9. .round(2) oce dexadLxkd Series:")

print(s_decimal)

print ("AnotéAeopa:")

print(s_decimal.round(2))

print ("-"*50)

# 10. HOepikony .clip()

print("10. .clip(lower=0, upper=10):")
print(s.clip(lower=0, upper=10))

print ("-"*50)

print("\n" 4+ "="%7(0 + H\nvl)

# Mp&éelg pe otabepd

print ("Ip&feilc pe otabepd (m.x. 3):")
print("s.add(3):")
print(s.add(3))
print("s.sub(3):")
print(s.sub(3))
print("s.mul (3) :")
print(s.mul (3))
print("s.div (3):")
print(s.div(3))
print("s.floordiv (3) :")
print(s.floordiv(3))
print("s.mod (3) :")
print(s.mod(3))
print("s.pow (3) :")
print(s.pow(3))

print("\n" + "="*70 4+ "\n")

# Altaxelpton NaN pe fill value

s _nan = pd.Series([1, 2, np.nan, 4, 5])

other nan = pd.Series([10, np.nan, 30, 40, 50])
print("Series pe NaN:")

print(s_nan)

print (other nan)

print ("lIpbécbeon xwepic £ill value (NaN emixpotel):")
print (s _nan.add(other nan))

print ("lIp6écbeon pe f£ill value=0:")

print (s nan.add(other nan, fill value=0))

print ("loAAamAoo Laoudc pe £ill value=1:")

print (s _nan.mul (other nan, fill value=l))

K. 3.3.10: Mapadeyua yia ti¢ Medobdouc yLa Ti¢ SYE0ELS ZUYKPLONG

3.3.11. MovadIkeG TIUEG & JUXVOTNTES

M£6060¢ Nepypadn Emwotpodn
.unique() MOoVaSIKES TIUEG ndarray
.nunique() AplBuog povadikwy TiHwy  Integer
.value_counts() JUXVOTNTEC TLUWVY Series
.duplicated() EmavaAnyn Tpwyv Boolean Series
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.drop_duplicates() Awaypadn Suthoeyypadwv Series

.is_unique 'OAEG OL TIHEG LOVASLIKEG Boolean
.is_monotonic_increasing AUfOUOEG TIUEC Boolean
.is_monotonic_decreasing ®DBivouoeg TILEG Boolean

Mivakacg 3.3.13: MéGobot yia tnv AvaAuon Movadikotntac kot Suxvotntag
Autn n opdda pebodwv adopd thv Avaluon Movadikotntag Kat Zuxvotntag. Eival ta epyaleia
TIOU XPNOLUOTIOLEIC Yyl va KataAdBelc moco "mowkihopopda" eival ta Sebopéva cou Kal av

umapyxouVv emavaANPeLg ou lowg amoteAolV opAApaTA ) CNUOVTIKA potipa.
Ag SoUe T peBoOSoucg e Eva apadetypa and pila Alota mapayyeAlwy npoloviwy:

import pandas as pd

orders = pd.Series(['Apple', 'Orange', 'Apple', 'Banana', 'Orange',
'Apple'], name="Fruits")

1. Evtoriioptog Movadikwv TIuwv

e .unique(): Jou emoTpEdel TOLEG £lval ol SLAPOPETIKEG TIUEG TTOU UTTAPXOUV, Xwpig va tov

volalel mooeg popég epdavilovral.
o Anotédeoua: ['Apple’, 'Orange’, 'Banana'] (wg NumPy array).
e .nunique(): ou Sivel Tov aPLOUG TWV HOVASIKWY TLLWV.
o Amnotéleoua: 3.

e .is_unique: Muwa ypriyopn epwtnon: "Eivat 6Aa ta otowxeia SladopeTikd petall toug;".

Eruotpédel True 1| False. Zto mapadelypa pog: False.

2. Juxvotnteg & Katavoun

e .value_counts(): lowg n mo xpnown péBobdo¢ ota Pandas. Metpdel mooeg ¢opeg

gudaviletal n kO T Kot TLg Tafvouel amd tn cuxvotepn otn AlyOTEPO GUYVY).
o Anotédeoua: Apple: 3, Orange: 2, Banana: 1.
o Pro Tip: Me normalize=True cou &ivel Ta mooootd (.. 0.5 yia to Apple).
3. Awaxeipion Authosyypadwv (Duplicates)

o .duplicated(): Mapkdpel pe True KGO Tur mou £xel epdaviotei Eava vwpitepa.
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o lMapauetpoc keep="first'/'last'/False: Opilel mowa euddavion Ba Bewpnbel n

"mMpwtdtunn".

e .drop_duplicates(): KaBapilelt to Series kpatwvra¢ HOVOo TNV TPWTN eudavion Kabe

otolxeiou kat Staypadovtag Tig EmavalfPeLs.
4.’EAeyxog Taong (Monotonicity)

Autéc oL BloTnteg (properties) eAéyxouv av Tta Oebopéva akoAouBoUv ML GUYKEKPLUEVN

KateLBuLvoN Xwplg "Mowyupioparta".

e .is_monotonic_increasing: Emotpeédel True av kaBe tun ival on i peyaAlutepn amod thv

T(PONYOUUEVN (TT.X. L0 OELPA NUEPOUNVLWYV N auEavouevwy IDs).

e .is_monotonic_decreasing: Emiotpédel True av kaBe Tun lval ion A UkpOTEPN Ao TNV

TLPONYOUHUEVN.

import pandas as pd
import numpy as np

# Anuioupyla Series pe enavodopufavoéusvec TLuég, NaN, xoal dL&Taén

data = [5, 3, 8, 3, np.nan, 7, 5, 2, 8, 3, np.nan, 1]

index_labels= [VAV, va, vcv, va, va, vFv, lGl, lHl, lIl, lJl, 'K'I 'L']
s = pd.Series(data, index=index labels, name='Acdoucva')

print ("Apx1xd Series:")

print(s)

Print(”\l’l” + 11:11*70 + u\nu)

# 1. .unique () - Movadlkég TLuPég (emiotpépel numpy ndarray)
unique values = s.unique()

print("1. .unique():")

print (unique values)
print ("TUnoc:", type(unique values))
print ("-"*50)

# 2. .nunique () - AplLOudC povad LKOV T LUV (mpoemiAoyn dropna=True)
nunique val = s.nunique ()

print("2. .nunique() (dropna=True):", nunique val)
nunique val false = s.nunique(dropna=False)

print (" .nunique (dropna=False) (ouuneplioupfdvel NaN):",

nunique val false)
print ("-"*50)

# 3. .value counts () - ZuxvoInTtec TLUOV

value counts default = s.value counts() # dropna=True, tafLvoéunon @6ivouoo
print("3. .value counts () (dropna=True):")

print(value counts default)

print("\n .value counts (dropna=False) (ouuneplAapf&vel NaN) : ")

value counts nan = s.value counts(dropna=False)

print(value counts nan)
print ("-"*50)

# 4. .duplicated() - Boolean Series via dLmAdTUIIEC TLPéCQ
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duplicated default = s.duplicated() # keep='first'

print("4. .duplicated() (keep='first'):")

print(duplicated default)

print("\n .duplicated (keep="last') :")
print(s.duplicated(keep='last'))

print("\n .duplicated (keep=False) (6Aeg ol dLmAdtuUmeq) :")

print(s.duplicated (keep=False))
print ("-"*50)

# 5. .drop duplicates () - Aiaypaern OLImAOEYYPAPHV

drop duplicates default = s.drop duplicates() # keep='first'
print("5. .drop duplicates() (keep='first'):")

print(drop duplicates default)

print("\n .drop duplicates (keep='"last') :")

print(s.drop duplicates(keep='"last'))

print("\n .drop_duplicates (keep=False) (xpaT& uévo TLG HOVADLKEC) : ")

print(s.drop duplicates (keep=False))
print ("-"*50)

# 6. .is unique - Idi6tnta (property) mou eAfyxel av ONec oL TLREQ elvol
povad Lkéq
print("6. .is unique:", s.is_unique)

# Anuiloupyla Series pe O6Aeq HOVADLKEQG TLUEC YLl OUYyKPLOY
s _unique = pd.Series([1,2,3,4,5])

print (" Ye povadlxd Series:", s unique.is unique)
print ("-"*50)

# 7. .is monotonic increasing - Ididétnta eAéyxou povotoviac (aGfouoa)
print("7. .is monotonic increasing:", s.is monotonic_increasing)
s_inc = pd.Series([1, 2, 3, 5, 81)

print (" Ye aUfov Series:", s _inc.is monotonic increasing)

print ("-"*50)

# 8. .is monotonic decreasing - IdLd0TnTa gAéyxou povotoviac (e6ivouow)
print("8. .is monotonic decreasing:", s.is monotonic decreasing)

s _dec = pd.Series([9, 7, 5, 3, 11)

print (" Ye @Bivov Series:", s dec.is monotonic decreasing)
print("\n" + "="*70 + "\n")

# EmimAéov: Movotovia pe NaN (emioTtpépel False ov undpyxouv NaN)
s_with nan = pd.Series([1l, 2, np.nan, 4])

print ("Movotovia pe NaN:")
print(s_with nan.is monotonic increasing) # False
print(s_with nan.is monotonic decreasing) # False

K. 3.3.11: Napadetyua Medodwv yia tnv AvaAuon Movadikotntag kat Suxvotntag

3.3.12. MéBobol Kelpévou (str accessor)

Mé£Bo8og Nepypadn) Napddelypa
.str.upper() Kepahaia s.str.upper()
.str.lower() MNela s.str.lower()
.str.title() TitAog s.str.title()
.str.len() Mnkog s.str.len()
.str.strip() Adaipeon kevwv  s.str.strip()
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.str.contains(pat) MeplExel potipo s.str.contains('a’)

.str.replace(pat, repl) Avtikatdotacn s.str.replace('a’,'b")
.str.split(pat) ALOXWPLOUOG s.str.split(' ')
.str.startswith(pat) ZEKIVAEL UE s.str.startswith('A')
.str.endswith(pat) TeAELWVEL e s.str.endswith('Z')
.str.find(sub) Eupeon B€ong s.str.find('a')
.str.extract(pat) E€aywyn pe regex s.str.extract('(\d+)")

Mivakac 3.3.14: MéGobot eneéepyaociog alpaptduntikwy (Keipuévou)

Jta Pandas, OAe¢ oL u£Bodol kelpévou PBpiokovtal katw omd tov "accessor" .str. Auto elvat
anapaitnto ylati £va Series pmopet va nepléxet Stadopoug TuToug Sedopévwy, Kot To .str Aéel ota

Pandas: «Metadepé pe oto meptBarlov eneepyaciag KELUEVOU».

Ag SoUpe TIg peBoSoug xpnolpomnolwvtag Pl Alota pe "akatdotata" ovopata Xpnotwy:

import pandas as pd

]

users = pd.Series([' giannis papas , 'maria 01', 'eleni konsta',
'nikos.p'], name="Usernames")

1. Baown Mopdomnoinon
AN\GTouv TNV ePdAVLON TOU KELWEVOU.
o .str.upper() / .str.lower(): Metotpemnet oe KEQANAIA 1 iteld.
e .str.title(): Kavel to mpwrto ypappa kaBe AéENG kedahaio (L6AVIKO yLoL OVOUOTENWVU LA).

e .str.strip(): H o onuavtik péBodog ya kabaplopd! Adalpel ta kevd Slactipata otnv

apxn Kal oto TEAOG.
o Mapadewyua: To ' giannis papas ' ylvetal 'giannis papas'.
2. Avaitnon & Otpaplopa
Erotpeédouv ouvnBwce Boolean (True/False), omote ival TéAeleg yia GAtpaplopo.
e .str.contains('pat’): EAéyxeL av éva KOUUATL KELWEVOU UTIAPXEL LEOQ OTN cupBoAooELpd.

e .str.startswith() / .str.endswith(): EAéyxel av Eekwvdel 1 TEAELWVEL HE OUYKEKPLUEVO

XOpaKTAPA.
o Xpnon: users[users.str.startswith('m')] -> ©a cou ¢pépelL tn 'maria_01".

166



o .str.find(): Emiotpedel tn B€on (index) mou Eekwvael to potifo. Av Sev To Bpel, emiotpédel -1.
3. Metaoynpatiopog & E€aywyn

.str.replace('old’, 'new'): AvtikaBlotd Yo paKTrpeg.

o MNapabdeyua: users.str.replace(' ', '").

str.split(' '): "Inael" to keipevo os Alota pe Baon €vav xapakthipa.

o MNapdabdetyua: To 'eleni konsta' yivetal ['eleni’, 'konsta'].

.str.extract(pat): Xpnowomnolei Regular Expressions (Regex) yia va "tpapnéel”" ocuykekpléva

KOMUATLO.

o MNapdabeyua: users.str.extract('(\d+)') -> Oa BpeL to '01' amno to 'maria_01".

.str.len(): Metpasl mGooug XapaKkTAPEG £XEL TO KABE Kelpevo.

import pandas as pd
import numpy as np

# Anuioupyla evdg Series pe dedopéva kelpuévou (strings) kol peplxrd NaN
data = [
' hello world ',
'Python programming',
'DATA SCIENCE',
np.nan,
'apple,banana, orange',
'Hellol23"',
! trim me U
"PYTHON',
'python',
'123-456-7890"
1
index_labels =['a', '', 'c', 'n', '', '¥', 'G', 'H', 'I', 'J']
s = pd.Series(data, index=index labels, name='Kelipevo')

print ("Apx Lkd Series pe strings kol NaN:")

print(s)

print(n\nn + 11:11*70 + H\nll)

# 1. .str.upper() - Metatpomly Ot KeQUAX(lx
print("1. .str.upper():")

print(s.str.upper())
print ("-"*50)

# 2. .str.lower () - Metatponn oe mnel&
print("2. .str.lower():")
print(s.str.lower())

print ("-"*50)

# 3. .str.title() - Metatpomn oe titAo (mpdTo ypdupa xk&Be AEEnc xepoialo)
print("3. .str.title():")

print(s.str.title())

print ("-"*50)
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# 4. .str.len() - MAkocg x&Be string (oe xapoaxthpeg, NaN yivetal NaN)
print("4. .str.len():")

print(s.str.len())

print ("-"*50)

# 5. .str.strip() - Aoaipeon kevHdv oamd Tnv opxn KAl TO TEAOCQ
print("5. .str.strip():")

print(s.str.strip())

print ("-"*50)

# 6. .str.contains(pat) - Eleyxog av mepléxel 1o und-otilypLdétuno 'Py'
(emiotpépel boolean Series)
print("6. .str.contains('Py'):")

print(s.str.contains('Py'))
print ("-"*50)

# 7. .str.replace(pat, repl) - Avilxkat&otoon 'apple' upe 'fruit'
print("7. .str.replace('apple', 'fruit'):")
print(s.str.replace('apple', 'fruit'))

print ("-"*50)

# 8. .str.split(pat) - AlLaxwplopdg oe Aloteg (pe RB&on 1o xOPPA yLla TO
otolyxelo E)

print("8. .str.split(',"):")

print(s.str.split (', "))

print ("-"*50)

# 9. .str.startswith(pat) - EAéyxel av fexivd pe 'P' (True/False)
print("9. .str.startswith('P"):")

print(s.str.startswith('P'))

print ("-"*50)

# 10. .str.endswith(pat) - EAéyxel ov Tedreldvel pe 'n'
print("10. .str.endswith('n'):")
print(s.str.endswith('n'"))

print ("-"*50)

# 11. .str.find(sub) - EUpeon 6éong Ttou 'a' (emiotpépel -1 av dev PBpebel,
NaN yLioa NaN)
print("11. .str.find('a'"):")

print(s.str.find('a'"))
print ("-"*50)

# 12. .str.extract(pat) - Efayoyl TPARATOC HE KAVOV LKL EXEPoon (m.X.
apLbuol)

# I[pocoxh: eunLoTpépel DataFrame ov undpxouv HMOAAEC opddeg, OAALOC Series
print("12. .str.extract (' (\d+)') - eavyeyn npdtov Yneiov:")

print(s.str.extract(' (\d+)')) # Emiotpépel DataFrame upe ploa OTHADn
print ("-"*50)

# EmimAéov: .str.extract pe named groups yLlo CO@HVE LA
print (" .str.extract (' (?P<numbers>\d+) ') - pe ovoua:")
print(s.str.extract (' (?P<numbers>\d+) "))

print("\n" + n:n*'70 + n\nn)
# Enidetén oupmeplLeopdc pe NaN (6Aeg ol uéBodol emiotpépouv NaN)
print("OAec oL string pébodol dLatnpolv Ta NaN (bémou uvmfpxe NaN, to

amoTéAeoua €{val NaN).")
K. 3.3.12: Napadeyua yia ti¢c Medoboug eneéepyaoiog arpaptduntikwy (Kewuévou)
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3.3.13. XpoVIKEG Zelpéc (dt accessor)

.dt.year ‘Etog Series
.dt.month Mnvag Series
.dt.day Huépa Series
.dt.hour Qpa Series
.dt.minute Aemtd Series
.dt.second AeutepoAenta Series
.dt.dayofweek Huépa eBdopadag Series
.dt.dayofyear Huépa €toug Series
.dt.is_month_start  Apxn punva Boolean Series
.dt.is_month_end TéAog pAva Boolean Series
.dt.strftime(format) Mopdomoinon Series

Mivakag 3.3.15: MéJobol eneéepyaciac NUEPOUNVIWY KL WP

Onwg to .str EekAelbwvel TIg peBOdoug KelpéEvou, £ToL kal To .dt (Datetime accessor) EeKAELOWVEL TIC

Suvatotnteg Slaxelplong NUEPOUNVLWY KAl WPOC.

Mo va SouléPouv autécg ol péBodol, To Series cou mpeEnel va £xel TUTIo datetimeb4. Av €xeLg strings,

TO LETATPETELG TPWTA Le TNV pd.to_datetime().
Ag SoUpe éva MopASELYUA UE NUEPOUNVIES TTOPAYYEALWV:

import pandas as pd
# Anuioupyla Series ue nuepounviec
dates = pd.to datetime(pd.Series(['2024-01-01 10:30:00', '2024-05-15
14:45:00', '2024-12-31 23:59:59'1))
1. E€aywyn Ztoeiwv (Components)
AUTEC oL L8LoTNTEG "omave" TNV nUepounvia ota pépn tne.
e .dt.year, .dt.month, .dt.day: You &ivouv To £10¢, TOV HAVA A TV NUEPQ WG apLOUO.
e .dt.hour, .dt.minute, .dt.second: Zou divouv tnv akpifn wpa tng Kataypadnc.
e .dt.dayofweek: Emiotpédel évav aptBuo ano 0 €wg 6 (0 = Asutépa, 6 = KupLakn).
e .dt.dayofyear: Jou AéeL mola pépa Tou Xpovou sival (amd 1 €we 366).

2. NoywkoiEAeyyxol (Properties)
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Erotpedouv True/False kat sival e€olpeTIKA XpriOLUOL YLOL AOYLOTIKEG avadOPEG.
e .dt.is_month_start: Eivai n 1n tou pnvog;
e .dt.is_month_end: Eival n teAsutaio pépa Tou PNvog;

3. Mopdomnoinon pe .dt.strftime()

AUt n HEBOBOC PETATPEMEL TNV NUEPOUNVia oe Keipevo (string) pe tn popdn mou BEAelg oy,

xpnotwomnowwvtag e1861kol¢ Kwdikou¢ (format codes).
e  %d: Huépa (01-31)
e %m: Mnvog (01-12)
e  %Y:'Etog (2024)
e %A:Ovoua nuépag (m.x. Monday)
Napadeypa: dates.dt.strftime('%d/%m/%Y') -> Metotpenel to '2024-01-01' o '01/01/2024".

import pandas as pd
import numpy as np

# Anuiloupyla evdg Series pe nuepounviec (datetime)
# Xpfon pd.date range via dnuioupylo nuepounv LdOv
date rng = pd.date range(start='2023-01-15"', periods=8, freg='M') # 8
uAveg, TEAOCQ PRV
# IMMpooBAKN PEPLKOV TUXAL{OV POV YLIX Vo £€XOUUE KAL QOPEC
timestamps = [
'2023-01-15 10:30:00",
'2023-02-20 14:45:30"',
'2023-03-10 08:15:00",
'2023-04-05 23:59:59'"',
'2023-05-25 00:00:01",
'2023-06-30 12:00:00",
'2023-07-14 18:30:00",
'2023-08-01 05:05:05"
1
# Metatponn) oe datetime Series
s = pd.Series(pd.to datetime (timestamps), name='Hpcpounviec')

print ("Apx L k6 Series pe datetime:")
print(s)
print("\n" + "="%70 + "\n")

# 1. .dt.year - Etocg
print("1l. .dt.year:")
print(s.dt.year)
print ("-"*50)

# 2. .dt.month - MAvacg (1-12)
print("2. .dt.month:")
print(s.dt.month)

print ("-"*50)
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# 3. .dt.day - Hpépa tou upnva
print("3. .dt.day:")
print(s.dt.day)

print ("-"*50)

# 4. .dt.hour - Qpa (0-23)
print("4. .dt.hour:")
print(s.dt.hour)

print ("-"*50)

# 5. .dt.minute - Aemt&
print("5. .dt.minute:")
print(s.dt.minute)
print ("-"*50)

# 6. .dt.second - Asutepdlentao
print("6. .dt.second:")
print(s.dt.second)

print ("-"*50)

# 7. .dt.dayofweek - Huépa epdond&dac (Asutépo=0, KuplLaxrn=6)
print("7. .dt.dayofweek:")

print(s.dt.dayofweek)

print ("-"*50)

# 8. .dt.dayofyear - Huépa tou €étoug (1-366)
print("8. .dt.dayofyear:")
print(s.dt.dayofyear)

print ("-"*50)

# 9. .dt.is month start - Av n nuepounvia sival apxn pnva
print("9. .dt.is month start:")
print(s.dt.is month start)

print ("-"*50)

# 10. .dt.is month end - Av n nuepounvia eival TEAOG PNV
print("10. .dt.is month end:")

print(s.dt.is month end)

print ("-"*50)

# 11. .dt.strftime(format) - Mopopomoinon nuepounviogc oce string
print("11. .dt.strftime('$Y-%m-%d'):")
print(s.dt.strftime('sY-2m-3d"'))

print (" .dt.strftime ('%$A %d %B %Y'):")

print(s.dt.strftime('%A %d %B %Y')) # II.x. Monday 15 January 2023
print ("-"*50)

print("\n" + "="*70 + "\n")

# EmimAéov: AAAec xpnoiuec 1dtétnrec (quarter, week, is leap year KAm.)
print ("EximAéov 1di1détnTteg .dt:")

print("s.dt.quarter (tpipnvo):")

print(s.dt.quarter)

print("s.dt.week (eBfdou&da Tou étoucg) :")

print(s.dt.isocalendar () .week) # .week éxeL xatoapynbel, xpnon
.isocalendar () .week

print("s.dt.is leap year (dL0éxtOo £710G;):")

print(s.dt.is leap year)

K. 3.3.13: Mapadeyua yia ti¢ Medobdouc eneéepyaciog NUEPLOUNVILWY KAL WPOC
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3.3.14. Katnyopikd Aedouéva (cat accessor)

.cat.categories Katnyopieg Index
.cat.codes Kwbkol katnyoplwy Series
.cat.add_categories() MpoaBnkn KotnyopLwy -

.cat.remove_categories() Adaipson katnyoplwyv -

.cat.set_categories() OpLopOG KATNYOPLWV -
.cat.as_ordered() ALOTETOYUEVEG KOTNYOpPLeg -
.cat.as_unordered() Mn SlateTayUEVEG KaTnyopleg -

Mivakag 3.3.16: MeFobot yta Xprion Katnyopiwv

AUTEG oL péBodol eival o Kpudpog acog oto pavikt oou otav Staxelpileoal tepaoctia Sedopéva e

gnavalappavopeveg Tpég (r.y. "Small", "Medium", "Large").

Onwg to .str kot to .dt, €toL kal to .cat ekAelbwvel Aettoupyieg €181KA yla Tov TUMO category. H

XPNoN Katnyoplwv avti yla amAd Keipevo (strings) kA@vel Tov KwdLkd cou TOAU To ypRyopo Kol

UELWVEL SPAUATIKA TN XPHON UVAUNG.
Ag SoUpe éva mopadelypa pe HeyEOn polXwV:

import pandas as pd

# Anuiloupyla xatnyoplkoU Series
sizes = pd.Series(['Small', 'Large', 'Medium', 'Small'], dtype='category')

1. MAnpodopicc & Kwdwkomoinon

210 mopaoknvio, ta Pandas 6ev amoBnkevouv tn AEEn "Small" moAAEéG dopég, alld évav aplBuo

(kwbKO).
e .cat.categories: ou deiXvel TOLEG elval OL EMUITPETTEG TIUEG (TO "Ag€AOYLO" TNG 0TAANC).
o Eéoboc: Index(['Large’, 'Medium', 'Small'], dtype='object').
e .cat.codes: You Seixvel TNV aplOUNTLKA avamapdotacn KABe TLUAC.

o MNapadeyua: To 'Small' pumopet va eival to 2, to 'Large' 1o 0. Autd elval €tolun

tPodn yla povtéda Machine Learning!

2. Awayxeipion "Ag§hoyiou”
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Mmopei¢ va tpomomnolnoelg TI¢ SLlaBEatpeg emAoYEC XWPLG va ELpAEeLg Ta SeSopéval.
e .cat.add_categories(['XL']): Emutpénel oto Series va Sextel kat tnv T 'XL' oto péAAov.

e .cat.remove_categories(['Small']): Adatpel tnv emthoyn. Av umpxav 'Small' ota dedopéva

oou, Ba yivouv NaN.

e .cat.set_categories(['Small', 'Medium’, 'Large']): OpileL and tnv apxi 6Ao 10 cUVOAO TwWV

ETUTPENMTWV TLLWV.
3. Awatagn (Ordering)
AUTO lval To TiLo LoXupo onueilo. OL KoTnyopleg Umopouv va €Xouv LEpapxia.
e .cat.as_ordered(): AéeL ota Pandas OTL oL TLHEC £xouv oetpa (m.X. Small < Medium < Large).

o larti BonFast: Mnopeic va kavelg s.min() kaL va cou enotpéPel to 'Small’, i va

talvounoelg ta dedopéva oou oxL ahdapntikd, ala Baoet peyédoug!
e .cat.as_unordered(): Apalpei Tnv Lepapyia, Bewpwvtag OAEC TIG TULEC LOOTIUEG.

import pandas as pd
import numpy as np

# Anuioupyla evdg Series pe xatnyoplk& dedouéva (categorical)

data = ['pikpd', 'peocalo', 'peydro', 'uixpd', 'ueydro', 'ueooaio', np.nan]
s = pd.Series(data, name='Méyebocg')

print ("ApxLxd Series (object) :")

print(s)

# Metatpony) oe categorical (xwplic diL&Toln)
s_cat = s.astype('category')

print ("\nMetatponn oe category:")
print(s_cat)

print ("Katnyoptec:", s cat.cat.categories)
print ("Aitatetayuévo;", s _cat.cat.ordered)

print(”\n” + 11:11*70 + H\nll)
# 1. .cat.categories - OL xatnyopleg (Index)
print("1l. .cat.categories:")

print(s_cat.cat.categories)
print ("TUnmoc:", type(s_cat.cat.categories))
print ("-"*50)

# 2. .cat.codes - Kwdlxol xatnyopl®dv (oL NaN kwdlkomoloUvial wg -1)
print("2. .cat.codes:")

print(s_cat.cat.codes)

print ("-"*50)

# 3. .cat.add categories() - IIpoCc6NAKN VEwV KATNYOPLOV
s_cat new = s cat.cat.add categories(['moAU pixpd', 'moAU peyé&iro'l)
print("3. .cat.add categories(['moAU pixpd', 'moAU pey&Aro']):")

print(s_cat new.cat.categories)
print ("-"*50)
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# 4. .cat.remove categories() - Apalpecn xatnyopldv (6cec TLRég AVAKOUV O
autég yivovial NaN)

s _cat removed = s cat.cat.remove categories(['upcoxio'])

print("4. .cat.remove categories(['ueocalo']):")

print(s_cat removed)

print ("Katnyoplec:", s _cat removed.cat.categories)

print ("-"*50)

# 5. .cat.set categories() - OpLopdG VEWV KATNYOPLOV (avTLKAOLOTH HNANPWG)
s _cat set = s cat.cat.set categories(['uixpd', 'uweydro'l) # apaipel TO
'neoalo' xal 6cec TLuég NTtov 'peoalo' yivovial NaN

print("5. .cat.set categories(['pixpd', 'peyéro']l):")

print(s_cat set)
print ("Katnyoplec:", s cat set.cat.categories)
print ("-"*50)

# 6. .cat.as ordered() - OplLopdc TV KATNYOPLOV wg diLatetayuévec (ordered)
# Mpémel va éxoupe pLa AoyLlkh oelpd, m.x. PLkpd < peoaio < peydio

# I'la va yivel autd, mpémel mpdIo va oplooupe TLG RATnyopleg pe In OwoTn
oeLp&

s_cat ordered = s cat.cat.set categories(['pixpd', 'peoalo', 'pevy&ro'l],
ordered=True)

print("6. .cat.as ordered() (péow set categories pe ordered=True) :")
print(s_cat ordered)

print("Atatetayuévo; ", s _cat ordered.cat.ordered)

# MnopoUpue TOPX Vo OUykplivouue

print ("SUykplon: s cat ordered > 'peoolo':")

print(s_cat ordered > 'peoalo') # Oa dhoel True via 'peydro', False vix
'"uikpd' kol NaN

print ("-"*50)

# 7. .cat.as unordered() - Apaipeon di&tafng (xk&vel unordered)
s_cat unordered = s cat ordered.cat.as_unordered()
print("7. .cat.as unordered() :")

print(s_cat unordered.cat.ordered)
print ("Katnyoplec:", s cat unordered.cat.categories)
print ("-"*50)

print("\n" + "="*70 + "\n")
print("Inuefwon: OL NaN tipég ditatnpoluvial o¢ NaN otig mepLoocdTepeg
np&éelg.")

K. 3.3.14: Napadeyua twv Meddodwyv yia Xprion Katnyoptwv

3.3.15. Opadomnoinon & Kwvntot Méoot

Mé£Bodog Nepypadn) Edappoyn
.groupby() Opadomoinon s.groupby(key)
.rolling(window) Kuwntog pécog s.rolling(3).mean()
.expanding() EmektelVOUEVOG s.expanding().sum()
.ewm(span) EkBOeTika otabuiopévog  s.ewm(span=3).mean()
.aggregate(func) uvaBpoioelg s.agg(['mean’,'sum'])
transform(func) Metaoyxnuatiopog s.transform('sqrt')

Mivakag 3.3.17: MéBobot Mpoxwpnuévng Avaiuong kat Mapadvpwv
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Mé£Bobot Mpoxwpnuévng Avaluong kot NMapaBipwv (Window & Aggregation Functions). Autéc ol
uéBodol eival mou petatpénouv Ta Pandas amnd pio amAn BLBAlobnkn 6edopévwy o €va mavioxupo

EPYOAELO OTATLOTIKNG KOL XPNLATOOLKOVOULKAG aAVAAUONG.
AG XpNOLLOTIOLCOUE £va Series e NUEPNOLEG TUIEC LLOG LETOXNG N BEPLOKPAOILEC:

import pandas as pd

data = pd.Series([10, 20, 15, 30, 45, 251, index=['M1', 'M1', 'M2', 'M2',
'M3', 'M3'1)
1. .groupby() - Opadomnoinon

Av kat xpnolomnoleital cuxvotepa ota DataFrames, oto Series xpnoleUEL Lo VO OLOSOTIOLNOELG TLG

TIHEC He Baon To index i éva dAAo Series kol va ebapUOOELG ULa TTpAEn ava opdada.

e Napadsiypa: data.groupby(level=0).mean()

e AnotéAecpa: Oa cou SWOoEeL Tov HECO Opo yla kaBe "M" (M1: 15, M2: 22.5, M3: 35).
2. OL"Window" Zuvaptioelg (Rolling & Expanding)

Autéc ol péBobol e€etalouv ta Sedopéva os "mapdbupa’ xpovou, KATL amapaitnto yla va

g€opaAUvou e TIc anotopeg alayég (66pupo).
o .rolling(window) (Kwvnté¢ Méoog): Kottalel Tig SXS mponyoU LEVEC TLHEC.

o MNapabdewyua: s.rolling(3).mean() -> YmoAoyileL tov péco Opo Twv TeAeutaiwv 3

NUEPWV yla KABE onueio.

e .expanding(): ZekwdelL and tnv apyn Kat "peyoAwvel" To mopabupo HEXPL va cUUTTEPIAABEL

oAa ta SeSopéva.

o MNapabdeyua: s.expanding().sum() -> 3to 40 otolxeio, Ba €xeL To ABpoloua Twv

otolxeiwv 1 £wg 4.

e .ewm(span) (Exponential Weighted Moving): Aivel peyalltepn Bapltnta otig npoodateg

TIHEC KAl KPOTEPN OTLG TAALEG. XpNOLUOTIOLELTOL KOTA KOPOV OTA XPNHOTLOTAPLA.
3. .aggregate() & .transform() - MaQikr) Ene€epyaoia
e .aggregate() (1 .agg()): Zou emutpémnel va {NTr)oeLg TOAAQ OTOTLOTIKA Hadl.

o Mapdadeyua: data.agg(['min', 'max’, 'std']).
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e .transform(): Epapuodlel pia ouvaptnon arld dtatnpei to apXiko oxnua (length) tou Series.

Eival e€alpetikd xproluo yla kavovikomnoinan (normalization).

o lMapabdeyua: data.transform(lambda x: (x - x.mean()) / x.std()).

import pandas as pd
import numpy as np

# Anuiloupyla DataFrame pe dedouéva yLo groupby
np.random.seed (42)

dates = pd.date range('2023-01-01', periods=10, freg='D")
categories = ['A', 'B', 'A', 'B', 'C', 'A', 'C', 'C', 'B', 'A']

values = np.random.randint (10, 50, size=10)

df = pd.DataFrame({'date': dates, 'category': categories, 'value': values})
print ("Apx k6 DataFrame:")

print (df)

Print(”\n” + 11:11*70 + H\DH)

# Anuitoupylia Series via rolling/expanding/ewm

s = pd.Series([10, 20, 15, 30, 25, 40, 35, 50, 45, 60], index=dates,
name='values')

print ("Apx kb6 Series via rolling/expanding/ewm:")

print(s)
print("\n" + "="*70 4+ "\n")
# 1. .groupby() - Opadomoinon

# Epopudletal oe DataFrame 13 Series, €d® oto DataFrame ylia va doUue
opadotmo {non
grouped = df.groupby('category') ['value'].mean ()

print("1l. .groupby('category')['value'].mean() :")
print (grouped)
print ("\nEvoAAakT LK&, groupby o Series upe &AAO Series wg KAe1d(:")

s_grouped = s.groupby(categories) .mean ()
print (s_grouped)
print ("-"*50)

# 2. .rolling(window) - Kivntdég péocog
rolling mean = s.rolling(window=3) .mean ()
print("2. .rolling(3) .mean():")

print(rolling mean)
print ("-"*50)

# 3. .expanding() - Emextelvopevoc (ouvhbwg &Bpolouca, WPECOC KAI.)
expanding sum = s.expanding() .sum()

print("3. .expanding () .sum():")

print (expanding sum)

print ("-"*50)

# 4. .ewm(span) - ExOeTlk& oTabuLopévog uéocoq
ewm mean = s.ewm(span=3) .mean ()
print("4. .ewm(span=3).mean():")

print (ewm mean)
print ("-"*50)

# 5. .aggregate (func) - Juvabpolocelg (moOAAAmAEC oUVAPTHOELCQ)
agg_result = s.aggregate(['mean', 'std', 'min', 'max'l])
print("5. .aggregate(['mean', 'std', 'min', 'max']):")

print (agg result)
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print ("\nMe opadomoinon kol aggregate:")

grouped agg = df.groupby('category')['value'].agg(['mean', 'sum', 'count'])
print (grouped agg)

print ("-"*50)

# 6. .transform(func) - MeTtooxnuotiopdc (emiotpépel Series (dLou unRxrouq)
# HopddeLlypo: apaipeon tou péocou 6pou Tng opddag

df['value normalized'] = df.groupby('category')['value'].transform(lambda
x: x = x.mean())

print("6. .transform() - Kavovixomoinon evidg oud&doac (apaipeon pécou dpou
ou&dag) : ")

print (df[['category', 'value', 'value normalized']l])

print ("\nMe transform via Tetpaywvlk) plilo (oto Series s):")

sgrt transformed = s.transform(np.sqgrt)
print (sgrt transformed)
print ("-"*50)

print ("\n" 4+ "="*70 4+ "\n")

print("Snueiwon: OL .rolling (), .expanding(), .ewm() eopapupdlovial ameubelag
o¢ Series/DataFrame.")

print("OL .aggregate() kol .transform() upmopoUv Vo oCUVOUAOCTOUV HE€ groupby

Via mLo oUvhetec oavaAtoelg.")
K. 3.3.15: Napadetyua twv MeBdodwyv Mpoxwpnuévng Avaiuaong kat Mapadvpwv

3.3.16. Eloaywyn & E€aywyn

MéBodog Nepypadn) Mopdn)
.to_list() Metatpornn o€ Alota List
.to_dict() Metatpornn oe Ae€Llko Dict

.to_frame() Metatpornn oe DataFrame  DataFrame

.to_csv(path) Etaywyn CSV .CsV
.to_json() E€aywyn JSON JSON string
.to_string()  Metatponn oe string String

.to_numpy() Metatponr oe numpy array ndarray

Mivakac 3.3.18: MéGobot Eéaywyric kat Metatpornnc (Exporting & Conversion)

AUTEC gival oL uEBOSOL TTOU XPNOLUOTIOLEIC OTAV TEAELWOELG TNV AVAAUGT ooU Kol BEAELC va oTelleLg
ta Sedopéva oou kamou aAloU: o pia GAAN BLBALONRKN (6nwe n NumPy), o évav cuvadeldo (wg

CSV) nj og pia edappoyn (wg JSON).
Ag §oU e wg To Series pog «OANALEL LOPPEGH:

import pandas as pd

s = pd.Series([10, 20, 30], index=['A', 'B', 'C'], name="Data'")

1. Metatpornr) o Aopég th Python & NumPy

Otav B€AeLg va Byelg amo To olkoouotnua tTwv Pandas:
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o .to_list(): Metatpémel Lovo TG TIHEG o€ pLa KAaotkn Alota Python [10, 20, 30].
e .to_dict(): Anpoupyet éva Ae€iko omou ta keys elval to index kat values ot tipéc: {'A': 10, 'B":
20, 'C': 30}.
e .to_numpy(): Metatpénel to Series o €vav mivaka NumPy (ndarray). Eival o mio ypryyopog
TPOMOG yLa va epaoelc dedopéva o BLBAL0BNKeg Onwc n Scikit-Learn yia Machine Learning.
2. Avapaduion o€ DataFrame

e .to_frame(): Metatpémnel to Series (mou eival Lo otiAn) o DataFrame (mivaka).

o Tlarti BonTaei: NoA\ég péBodol Twv Pandas SouAslouv povo oe DataFrames. Av Tou
Swoelg ovopa, TY. .to_frame(name='Sales'), autd Ba eival To Gvopa NG OTAANG

OTOV TtiVOKaL.
3. ArntoBrikevon & AvtaAlayn Asdopévwv (1/0)

e .to_csv('file.csv'): Anuloupyel £va apyeio kelpévou mou avolyel oto Excel. Eivat o standard

TPoOMog aviaAayng dedopévwy.

e .to_json(): Metatpémel ta dedopéva o popdn Kelpévou JSON, mou eival to "standard" yla

To Web kat ta APIs.

e .to_string(): Jou emoTpEédel pla KaAaloBnTn avamapdotach tou Series o amAO KeiUEVO,

XPNoLo yLa logs i EKTUTIWOELG GE KOVOOAQ.

import pandas as pd
import numpy as np
import io # ylia mpooopoiwon eyypoapeng CSV oe string buffer

# Anuioupyla evdg Series pue dL&popeg TLUECQ

data = [10, 25, 30, 45, 12, 8, 33, 27, 50, 18]

index labels = ['A', 'B', 'C', 'D', 'E', 'F', 'G', 'H', 'I', 'J']
s = pd.Series(data, index=index labels, name='Acdoucva')

print ("Apx kb6 Series:")

print(s)

Print(”\ﬂ” + ”7”*60 + H\nﬂ)

# 1. .to list() - Metatpomr] oe Alota Python
to list result = s.to list()

print("1. .to list():")

print(to list result)
print ("TUnoc:", type(to list result))
print ("-"*40)

# 2. .to dict() - Metatpony oe AefLkd (index —-> t1Lun)
to dict result = s.to dict()
print("2. .to dict():")

print(to dict result)
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print ("TUnoc:", type(to dict result))
print ("-"*40)

# 3. .to frame() - Metatponn oe DataFrame
to frame result = s.to frame()
print("3. .to frame():")

print (to frame result)
print("TUnoc:", type(to frame result))
print ("-"%*40)

# 4. .to _csv() - Efaywyn oe CSV (edd oe string buffer)

# Anuioupyla buffer via va AdPBoupe 1o CSV wg string xwplg amobhixkeuon oe
apxelo

csv_buffer = io.StringIO()

s.to _csv(csv_buffer) # yp&pel otov buffer

csv_string = csv_buffer.getvalue()

print("4. .to csv() (wg string):")

print(csv_string)

print ("-"%*40)

# EvoAAoXT LKA, pe moapapétpoug (m.x. xwplc header)
csv_buffer2 = io0.StringIO()

s.to _csv(csv_buffer2, header=False) # xowplg¢ ypapun ovéuatog
print (" .to csv (header=False) :")

print(csv buffer2.getvalue())

print ("-"*40)

# 5. .to Json() - Efaywyn oe JSON string

to_Jjson result = s.to json() # mpoemiAoyn orient='index'
print("5. .to json() (orient='index'):")
print(to json result)

print("\n .to_json(orient='split'):")

print(s.to json(orient='split'))

print ("-"%*40)

# 6. .to string() - Avamapdotoon w¢ string (émwg To print)
to string result = s.to string()
print("6. .to string():")

print(to string result)
print ("TUnocg:", type(to string result))
print ("-"*40)

# 7. .to numpy() - Metatpomi) coe¢ NumPy array
to numpy result = s.to numpy ()
print("7. .to numpy():")

print (to numpy result)
print ("TUmoc:", type(to numpy result))
print ("-"*40)

print("\n" 4+ "="*60 + "\n'")

print ("Inueilwon: OL péBodolL .to csv() xalL .to json() ypdpouv oe apxelo av
dobel povom&tl, GAAX €d® Xpnolpomolhooape StringIO yia va AdBouus To
dedopéva wg string.")

K. 3.3.16: MNapadsiyua yia Medddoug Eéaywyng kat Metatpornric (Exporting & Conversion)
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3.3.17. Atddpopec MéBobol

.apply(func) Edappoyr cuvaptnong s.apply(np.sqrt)
.pipe(func) JUVEYELA AELTOUPYLWV s.pipe(funcl).pipe(func2)
.update(other) Evnuépwon TLpHwv s.update(other_series)
.combine(other, func) Zuvduaouoc pe GAAn s.combine(other, max)

.combine_first(other) Zuvduaopodg pe mpotepatdTnNTA -

.memory_usage() Xprion HvAung Integer

.equals(other) ‘EAgyx0G LoOTNTAG Boolean
.all() OAeg oL TLuEG True Boolean
.any() Omnoladnmnote Twr True Boolean

Mivakag 3.3.19: Médobol yia MNpoxwpnuéves Aettoupyieg kat tn Alaxeiplon ZUoTHUATOS

Mapouactalovtal ot Npoxwpnuéveg Asttoupyieg kat th Ataxeipion Tuotipatog. Autég ol puébodol
adopoUlv Kupiwg TN pon gpyaciag (workflow), Tn BeAtiotomoinon Kat tov cuviuaouo SladopETKWV

TtNywV Se80UEVWVY.
A¢ SoUpe wg Asttoupyolv otnv Mpaén:
1. Edpappoyn kat AAvodwtég Asttoupyieg (Pipelines)

e .apply(func): Xpnolpomoleitol ywo TOV HETACXNUATIONO Oebopévwy. Edapupolel pa

ocuvaptnon oe kaBe otolyeio tou Series.

e .pipe(func): Xpnowonoteitat yla va "kaBapioel" tov kwdika otav BéAelg va edbapUdoELg
TIOAAEG OUVOPTAOELG TN Mo HeTd TNV GAAN. Avti va ypadelg func3(func2(funcl(s))), ypadelg

s.pipe(funcl).pipe(func2).pipe(func3). Autd Kavel Tov KWSLKA TIOAU TILO AVOYVWOLO.
2. Zuvbuaoudg kat Evnuépwon (Merging & Updating)
ESw PAEmoupe mwg pmopoUpe va "cuyxwvelooupe" dUo Series:

e .update(other): Tpomorolei To apxLko Series atn B£on tou (in-place) xpnolpomolwvTag TES

amo éva Ao Series. Av urtdpyouv NaN oto other, §gv Ba emnpedoouyv To ap)ko Series.

¢ .combine(other, func): Maipvel SUo Series kat pLa cuvaptnon (m.x. max) Kkat dSnuioupyel éva

VEO Series emIAEyoOVTAC TNV TLUN TTOU OPILEL N cuvApPTNON yla kKGO Bon.

e .combine_first(other): H uébodog "pnaAwpatog”. Av to mpwrto Series €xel NaN, maipvel thv

T amnod to devtepo. Elval tdaviko yla va yelelg Keva amo pLa eVOAAAKTLK Tinyn.
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3.’EAeyxot kau Artédoon (Validation & Performance)

e .memory_usage(): Zou AéeL méoa bytes kataAapPavel to Series otn pvApn RAM. MoAu
oNUAVTLKO oTav SouAeglelg pe peyaha dedopéva (Big Data) yla va £€pelg av mpémel va

aANagelg toug Tumtoug Sedopévwy (T.X. os category n int8).

o .all() / .any():

o To .all() emotpédel True povo av 6Aa ta otolxeia sival True.
o To .any() emotpédel True av touAdxlotov Eva otolyeio eival True.
o MNapadewyua: (s > 0).all() eAéyxetl av OAEC oL TIUEC ivol BETIKEG.

import pandas as pd
import numpy as np

# Anuioupyla apxlxdv Series

s = pd.Series([1, 4, 9, 16, 25], index=['a', 'b', 'c', 'd', 'e'l,
name='original')

s2 = pd.Series([3, 6, 9, 12, 15], index=['a',6 'b', 'c', 'd', 'e'l,
name='other")

s_with nan = pd.Series([l, np.nan, 3, np.nan, 5], index=['a', 'b', 'c',
'd', 'e'l, name='with nan')

s fill = pd.Series([10, 20, 30, 40, 501, index=['a',6 'b', 'c', 'd', 'e'l,
name='fill source')

print ("Apx1xkd Series s:")

print(s)

print("\nSeries s2:")

print (s2)

print("\nSeries with NaN (s with nan) :")
print(s with nan)

print("\nSeries s fill (yla combine first):")
print(s_fill)

print("\n" 4+ "="*60 + "\n'")

# 1. .apply(func) - Eeapuoyn ouvdpinong oe k&Be otolxelo
s_sqrt = s.apply(np.sqgrt)

print("1l. .apply(np.sgrt):")

print(s_sqrt)

print ("-"*50)

# 2. .pipe(func) - AAUCLOWTY €QUPUOYI CUVAPTNOEWV
def add ten(series):
return series + 10

def multiply two(series):
return series * 2

# Eopopupoyn pipe: mpodta add ten, petd& multiply two
s _piped = s.pipe(add ten) .pipe(multiply two)
print("2. .pipe(add ten) .pipe (multiply two):")
print (s _piped)

print ("-"*50)
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# 3. .update (other) - Evnuépwon TLudv in-place (Tpomomnolel TO apXLkd
Series)

print("3. .update() - IpLv Tnv evnuépwnon:")

print(s)

s_update source = pd.Series([99, 100], index=['b', 'd']l) # Oa evnuephoel
pévo Ta index b rot d

s.update (s _update source)

print ("Met& tnv evnuépwon pe s.update (s update source) :")

print(s)

print ("-"*50)

# Enovoeopd ToU s yia TLg embdueveg pebddoug (yla va punv upeivelt
TPOIOomIo LNéVO)
s = pd.Series([1, 4, 9, 16, 25], index=['a', 'b', 'c', 'd', 'e'l)

# 4. .combine (other, func) - JIuvduoaoudc pe &AAnN Series péow oUvAPINONG
# IMI.x. noaipvoupe 1O max k&Be (eUyouq

s _combined max = s.combine(s2, max)

print("4. .combine (s2, max):")

print (s combined max)

# Juvduaopdc pe min

s_combined min = s.combine(s2, min)

print (" .combine (s2, min) :")

print(s_combined min)

print ("-"*50)

# 5. .combine first (other) - YuunAnpdvel TL¢ NaN Tipéc and &AAn Series
s filled = s with nan.combine first(s fill)

print("5. .combine first(s fill) (ocuupnAfpwon NaN omé s £ill) :")
print(s_filled)

print ("-"*50)

# 6. .memory usage () - MvAun mou kataAapBdvel 1o Series (oe bytes)
mem usage = s.memory usage ()
print("6. .memory usage():", mem usage, "bytes")

# Me index=True (mpoemiAoyr) mneplioufdvel kol 1o index. Av deep=True,
unoAoy (el KoL TN UVAUN TOV OVTLKELPEVOV.

mem usage deep = s.memory usage (deep=True)

print (" .memory usage (deep=True) :", mem usage deep, "bytes (ue deep viLx
object types)")

print ("-"*50)

# 7. .equals(other) - EBAeyxog av dUo Series egival (dila (tipéc xal index)
s_equal = pd.Series([1, 4, 9, 16, 25], index=['a', 'b', 'c', 'd', 'e'l)
print("7. .equals(s_equal):", s.equals(s_equal))

s_not equal = pd.Series([1, 4, 9, 16, 26], index=['a', 'b', 'c', 'd', 'e'l)
print (" .equals (s _not equal):", s.equals(s not equal))

print ("-"*50)

# 8. .all() - Enitotpépel True av OAeg ol TLUéG elval True () pn pndevikEQ)
# AnuiloupyoUue boolean Series

bool series = pd.Series([True, True, True, True])

print("8. Boolean Series [True, True, True, True] .all():",

bool series.all())

bool series false = pd.Series([True, False, True])

print (" Boolean Series [True, False, True] .all():",

bool series false.all())

# e apLBuntird Series, 10 0 BewpelTtal False, ta &AAa True
num_series = pd.Series([1, 2, 3, 4])

print (" ApLOunt Lx6 Series [1,2,3,4] .all():", num series.all())
num series zero = pd.Series([1, 2, 0, 41])
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print (" ApLBunt k6 Series [1,2,0,4] .all():", num series zero.all())
print ("-"*50)

# 9. .any() - Emiotpéeel True ov ToUdAdxlotov ploa tipn eival True

print("9. Boolean Series [False, False, False] .any():", pd.Series([False,
False, False]) .any())

print (" Boolean Series [False, True, False] .any():", pd.Series([False,

True, False]) .any())

print (" ApLBuntixé Series [0,0,0] .any():", pd.Series([0, 0, 0]1).any())

print (" ApLBuntLxkd Series [0,1,0] .any():", pd.Series([0, 1, 0]).any())

print ("-"*50)
K. 3.3.17: Mapadsiyua MeGodwv yia lNpoxwpnuéves Aettoupyieg kat tn Ataxeipton ZuoTAUATOG

3.3.18. Mivakag Kowvwv MNMoapapeTpwy yLo ZELPEC

Napapetpog MNepypadn Tuég Edappoyn

axis Atovag Asttoupylag 0/'index' s.sum(axis=0)

skipna MapdAewpn NaN True/False s.sum(skipna=True)

level Eminedo yla moAuv-index Integer s.sum(level=0)

inplace Tpomomoinon inplace True/False s.fillna(0, inplace=True)
ascending ®Bivouca/avéovoa True/False s.sort_values(ascending=True)

Mivakag 3.3.20: Mapauetpot twv Medodwv

OAokAnpwvoupe tnv «avotopio» twv Pandas Series egetalovrag TIG PACIKEG MAPAUETPOUG TIOU
eAéyxouv Nw¢ cupmneplpépovtal oL péBodol. Av ol péBodol eival ta epyaleia, oL mapAUETPOL Elval oL

«puBuioelg» Toug ou kaBopilouv TNV akpifela KAl TO ATOTEAECHA TNG Epyaoiag Lag.
1. axis — O Aovoag

Yta Series, o dfovag sival oxedov mavta 0 (A 'index'), adol €xoupe povo pia otnAn dedopévwy. H
TAPAPETPOC QUTH yiveTal e€alpeTIKA onpavtiki ota DataFrames, 0mou em\éyelg av pa mpaén (m.x.

To dBpolopa) Ba yivel KATA UAKOG TWV YPAUUWY A TWV 0TNAWV.
2. skipna — H Awaxeipion twv Kevwv
AuTti n mapdpeTpoc kabopilel av oL otatiotikol umtoAoylopot Ba ayvoouv ta NaN.

e skipna=True (Default): To Pandas umoAoyilel TO AMOTEAECUA XPNOLUOTIOLWVTOC HOVO TLG

UTIAPYOUOEG TLUEG.

e skipna=False: Av unapyet éotw Kkal éva NaN, To anotéhecpa oAOkANpNG tng mpaéng Ba eival

NaN. Eivat xpriolpo otav BéAelg va eloal olyoupog OTL Sev Asinel oUte £va SeSopévo.
3. inplace — Méviun AN\ ayn 1) Avtiypado;

AuTth elval pLo amod TIg o KPIolEeG MOpAUETPOUG yia T Sloxeiplon tng UVAKNG Kal Tn por Tou

KWOWKAL.
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e inplace=False (Default): H ué6o6og emiotpédel €va véo Series. To apxko Pével avémado.

e inplace=True: H aMayn edapuoletal anevBeiog oto apylkd Series kot n péBodog Sev

emotpedel timota (None).

ZupBouln: H xpnon tou inplace=True teivel va katapynbel otig vedtepeg ekdoOoelg Twv Pandas.

Mpotwatal n ekxwpnon: s = s.fillna(0).

4. ascending — H KateUOuvon tng Tavopnong
Xpnotuoroleital otig pebodoug sort_values kat sort_index.
e True: ATO TO ULIKPOTEPO OTO PeYaAUTEPO (A-Q).

e False: Ano to peyoAUTEPO OTO ULKPOTEPO (Q-A).
e 5. level — MoAv-enineda (Multi-index)

Otav £va Series €xel mopamnavw amo éva index (tepapxilkd indexing), n mapdapetpog level cou
ETUTPEMEL va oploelg og molo eminedo Oa yivel n mpagn. MNa mapadelypa, ov €XELG TWANOELC ava

«Etoc» kal «Mnrvay, urnopeic va {ntroelg To aBpolopa Lovo oto emninedo tou «ETougy.

import pandas as pd
import numpy as np

# Anuioupyla Series pe MultilIndex
index = pd.MultiIndex.from tuples([('A', 1), ('A', 2), ('B', 1), ('B', 2),
('B', 3)1,
names=['group', 'sub'l)
data = [10, 20, 30, 40, 50]
s multi = pd.Series(data, index=index, name='values')

print("Series pe MultiIndex:")
print(s multi)

print(n\nn + 11:11*60 + ll\nll)

# 1. axis - Afovag Aeltoupylag (pdévo axis=0 yla Series)
print("1. axis (pdévo axis=0):")

print("s multi.sum(axis=0):", s multi.sum(axis=0))

print ("IcodUvapa xwplc axis:", s multi.sum())
print ("-"*40)

# 2. skipna - HopdAieiyn NaN

s_with nan = pd.Series([1l, 2, np.nan, 4, 51)

print("2. skipna - Series pe NaN:")

print(s_with nan)

print ("sum() skipna=True (default):", s with nan.sum())
print("sum() skipna=False:", s with nan.sum(skipna=False))
print ("-"*40)

# 3. level - JuvdBpolon avd enimedo (péow groupby)
print("3. level - ZuvdBpolon avd eunimedo (groupby) : ")
print("s multi.groupby(level="'group') .sum() :")

print (s multi.groupby(level='group') .sum())
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print("\ns multi.groupby (level=0) .mean() :")

print (s _multi.groupby(level=0) .mean())

print ("-"*40)

# 4. inplace - Tpomnomnoinon in-place

s_inplace = pd.Series([1, np.nan, 3, np.nan, 5])
print("4. inplace - IpLv and fillna:")
print(s_inplace)

s inplace.fillna (0, inplace=True)

print("Met& ond fillna (0, inplace=True) :")
print(s_inplace)

print ("-"*40)

# 5. ascending - Tafivoéunon avéouca/e6vouoo
s_unsorted = pd.Series([3, 1, 4, 2, 5], index=['c', 'a', 'd', 'b', 'e'l)
print("5. ascending - sort values (ascending=True) :")
print(s_unsorted.sort values (ascending=True))
print("\n sort values (ascending=False) :")
print(s_unsorted.sort values(ascending=False))

print ("-"*40)

K. 3.3.18: Mapadsiyua yia Mapauetpot twv Medodwv

3.3.19. OAokAnpwuevo Mapadelypa ot 2elpeg: Ataxeiplon Mpoiloviwy
To mpoypappa Stoxelplletal Ta Mpolovia €vOC KATAOTAUATOC. Tol OTOLXElO TIOU KPOTAUE

Sebopéva eival Gvopa poiovtoc, moaoTNTO KoL TIUA.
Ot Aettoupyieg mou uAoToLEel To Tpdypappa elval:
IYITHMA AIAXEIPIZHZ NPOIONTQN (Series)

1. MpoaBrkn mpoidvtog

2. AwWpBwon mpoidvtog

3. Awypadn mpoiovrog

4. Kataotoon npoioviwv

5. ZuvoAikn ala mpoioviwv

6. Tafwounon mpoloviwy

7. Amo6nkeuon os apyeio

8. Mdptwon amnd apyeio

9. ‘E¢obog

import pandas as pd
import os

class ProductManager:
def init (self):
# Anuiloupyla xevdv Series via x&Be medio

ota
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self.names = pd.Series([], dtype='object', name='Ovouoa')
self.quantities = pd.Series([], dtype='int64', name='Illocotnta')
self.prices = pd.Series([], dtype='float64', name='Tiun")

def display menu(self):
""U"Euedv Lon pevoU €ImLAOYOV
print("\n" + "="*5(0)
print ("SYZTHMA AIAXEIPISHY IIPOIONTQON (Series)™)
print ("="*50)
print("1l. IIpoocBAxn upoildvtog")
print("2. AL6pBbwon mpoidvtog")
print("3. Aiaypoaen mpoldvtog™)
print("4. Koatdotoon mpoloédviwv'™)
print("5. SuvoAlkn afla mpotldvinv")
print("6. Tofivounon mpoldviav'™)
print("7. AmoBnxeuocn oe apxelo")
print("8. d6ptwon amd apxelo)
print("9. Efodog")
print ("="%*50)

def add product(self):

[IpooBNKn véou mpoldviog
print ("\n--- [IPOS@HKH NEOY [IPOIONTOZ —--")

name = input ("Adote Svoua mpotldvtog: ") .strip()

# EAeyxoc ov uvndpxel Hdn 1o mpoldv

if not self.names.empty and name in self.names.values:
print (f"To mpoidév '{name}' uvndpxet Hdn otn RB&on dedopévov!™)
return

# Eloaywyn mocdintag
while True:

try:
quantity = int(input("Adocte mocdtnta: "))
if quantity < 0:
print ("H noocdtnto mpémel va eival Betikdc apLbudc!")
continue
break

except ValueError:
print ("IIopoakoAd eLodyete €ykUpo oaplOud!"™)

# ElLoaywyh TLUAC
while True:

try:
price = float(input ("AdocTte Tiun: "))
if price < O:
print("H tipn npémelr va eival 6et1Lxrdg aplLbudc!")
continue
break

except ValueError:
print ("IIopoakoAd eLodyete €ykUpo oaplOud!")

# IMpooBAkn ota Series

self.names = pd.concat([self.names, pd.Series([name])],
ignore index=True)

self.quantities = pd.concat([self.quantities,
pd.Series([quantity])], ignore index=True)

self.prices = pd.concat([self.prices, pd.Series([pricel)l,
ignore index=True)
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print (f"To mpotdv '{name}' mpootéOnke emiLTUuyxdOc!")

def edit product(self):
""UYALO6pBwon undpyxoviog mpoldvtog"™"

if self.names.empty:
print("Asv uvndpyxouv mpoldédvia otn PBdon dedouévov!")
return

print("\n--- AIOP@GQXH MPOIONTOZ ---")
self.show products()

product name = input ("Adcote Svoua mpoldviog yia dL6pOwon:
") .strip()

if product name not in self.names.values:
print (f"To mpotdév '{product name}' dev Ppébnke!")
return

# EUpeon tou delxtn TOoU HPOlOHVIOQ
product index = self.names[self.names == product name].index[0]

print (f"\nTpéxovia otoilxela yia '{product name}':")
print(f"llocdtnta: {self.quantities.iloc[product index]}")
print(f"T.un: {self.prices.iloc[product index]:.2f} €")

# Emidoyn mediou via dL16pbwon
print ("\nT(. 6éAete va dLopbdoete; ")
print("1l. Ilocdtnta")

print("2. T.un")

print("3. Kol to dUo")

choice = input("Emitdoyrn (1-3): ").strip()
if choice == 'l' or choice == "'3"':
while True:
try:
new quantity = int(input ("Néx moocodtnra: "))

if new quantity < O:
print("H nmoocdtnta mpémel va e€lval 6e1LkdC

apLeudéc!")
continue

self.quantities.iloc[product index] = new quantity
break

except ValueError:
print ("IIopoakoAd eLodyete €ykUpo oaplOud!")

if choice == '"2' or choice == '3':
while True:
try:

new price = float (input("Néo Tipn: "))

if new price < 0:
print ("H 1 .pf mpémel va el{voal BeTLkdC apLOpdc!™)
continue

self.prices.iloc[product index] = new price

break

except ValueError:
print ("IopoakoAd eLodyete €ykUpo oplOud!")

print (f"To mpotldév '{product name}' evnuepdOnke emLTUXOG!")

def delete product (self):
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""UYALaypaen nmpotdvtog"""

if self.names.empty:
print("Aev undpyxouv mpoildévia otn Rdon dedopévov!™)
return

print ("\n--- AIATPA®H MNPOIONTOZ ---")
self.show products()

product name = input ("Adcte Ovopa mEoldVIOG yLlx O Laypaer:
") .strip()

if product name not in self.names.values:
print(f"To mpotdév '{product name}' dev Bpédnke!")
return

# EUpeon tou delxrTtn Tou mpoidvtog
product index = self.names[self.names == product name].index[0]

# EnmipeBainon dLaypaepnig
confirm = input(f"El{octe olyoupog 61l BéAeTe va dlaypdlete TO
"{product name}'; (vai/oxt): ").strip().lower()

if confirm == 'vai1' or confirm == 'v':

# Alaypaon oamd SAo T Series

self.names =
self.names.drop(product index) .reset index(drop=True)

self.quantities =
self.quantities.drop(product index) .reset index(drop=True)

self.prices =
self.prices.drop(product index) .reset index(drop=True)

print (f"To mpotldév '{product name}' diLayp&enxe emLTux®Oc!")
else:
print("H diaypoaen axupdbnxe.")

def show products(self):

""U"Euedv Lon OAwv TV mpoloviwev"""

if self.names.empty:
print("Aev uvn&pyxouv mpoldédvia otn Pdon dedouévev!")
return

print ("\n--- KATASTASH IIPOIONTQN ---")

print (f"{'A/A':<4} {'Ovopa':<20} {'locdtnTta':<10} {'Tiun':<10}
{'SGvoAo':<12}")

print("-" * 60)

for i in range(len(self.names)):
total = self.quantities.iloc[i] * self.prices.iloc[i]
print (f"{i+1:<4} {self.names.iloc[i]:<20}
{self.quantities.iloc[i]:<10} {self.prices.iloc[i]:<10.2f} {total:<12.2f}")

def total value(self):
"""YrmoAoy Loudg OUVOALKAC of {ag mpoldviwv
if self.names.empty:
print("Aev uvndpyxouv mpoildévia otn Rdon dedopévev!™)
return

won

total value = (self.quantities * self.prices).sum()
print (f"\n--- ZYNOAIKH AEIA MPOIONTQON ---")
print (f"¥uvoA ik aflo: {total value:.2f} €")
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# AVOAUT LK TOpouc {aon

print ("\nAvoAuT Lk&: ")

for i in range(len(self.names)) :
product total = self.quantities.iloc[i] * self.prices.iloc[i]
print (f"{self.names.iloc[i]}: {product total:.2f} €")

def sort products(self):
"""Tx& Lvounon mpotoédviov"""
if self.names.empty:
print("Asv uvndpyxouv mpoldédvia otn PBdon dedouévov!")
return

print ("\n--- TAEINOMHZH IIPOIONTQN ---")
print("1. Tofivéunon xoatd dvoupa (aG&ouoa) ")
print("2. Tofivounon xatd odvoua (e6lvouoo) ")
print("3. Tofivounon xatd nmocdinta (aGiouoca) ")
print("4. Tofivounon xatd mocdtnta (e6Ilvouow) ")
print("5. Tofivéunon xoatd TLpn (aG&ouow) ")
print("6. Tofivéunon xotd TLpn (e6ivouow) ")

choice = input("Emitdoyn (1-6): ").strip()

# Anutloupyla mpoowplvoU DataFrame yvia Tof ivoéunon
temp df = pd.DataFrame ({

'"Ovoua': self.names,

'TlocotnTa': self.quantities,

'"Tiun': self.prices
H

sorting options = {
'1': ('"Ovoua', True),
'2': ("Ovouo', False),
'3': ('locdtnta', True),
"4': ('lloocotnta', False),
'5': ('Tipn', True),
'6': ('Tiun', False)

}

if choice in sorting options:
column, ascending = sorting options[choice]
temp df = temp df.sort values (by=column,
ascending=ascending) .reset index(drop=True)

# Evnuépwon twv Series pe 1o Taf Lvounuéva dedouéva
self.names = temp df['Ovopa']

self.quantities = temp df['llocotnta’]

self.prices = temp df['Tiun']

print (f"Ta mpotdévia Tof lvoundnkav xratd {column} ({'avfouoca' if
ascending else 'oBlvouoa'} ceilpd)!"™)
self.show products()
else:
print ("Mn é&yxupn emiAoyn!")

def save to file(self):
""U"AnmoOnkeuon dedouévwyv o apxelo ketpévou"""
if self.names.empty:
print("Aev uvndpyxouv dedopéva ylLa amobnxkeucon!")
return
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filename = input("Adote 6voua apyxelou yioa amobrikeuon (m.x.
products.txt): ").strip()

if not filename:
filename = "products.txt"

try:
# Anuiloupyla DataFrame mpoowplVvd YL AmoBRKeUOon
temp df = pd.DataFrame ({
'"Ovopa' : self.names,
'TlocoétnTa' @ self.quantities,
'"Tiun': self.prices
h

# AnmoBnxkeuon pe kwdlkomoinon UTF-8 yvia €AANVIKOUC XOPAKINPEC
temp df.to csv(filename, index=False, encoding='utf-8")
print (f"Ta dedopéva amobnxeUInkoyv €nLIUXOC OTO apxelo
'"{filename}'!")
except Exception as e:
print (f"ISedApa xatd tnv amnobnxkeuvon: {e}")

def load from file(self):
"""dSpTwon dedopévev amnd opxelo keltpévou"""
filename = input("Adote ovoua apxelou via obdbptwon: ").strip()

if not os.path.exists(filename) :
print (f"To oapxeio '"{filename}' dev PpébBnke!")
return

try:
# ®6ptwon pe rwdlxomoinon UTEF-8 yia €AANVIKOUC YXUPOKTINPEC
temp df = pd.read csv(filename, encoding='utf-8")

# EAeyxoc 61l 1O apxelo éxel TLQ OWOTEQ OTINAEQ

expected columns = ['Ovoua', 'Hocdtnta', 'Tiun'l

if all(col in temp df.columns for col in expected columns):
self.names = temp df['Ovopa']
self.quantities = temp df['llocétnta’'].astype('int64d"')
self.prices = temp df['Tiun'].astype('floatc4d")

print (f"Ta dedopéva poptddnkav emLtux®dg and 1o apxelo
'{filename}'!")
print (f"doptdbnxkov {len(self.names)} mpoildvIia.")
else:
print("To apxelo dev éxel Tn owoth popen!")

except Exception as e:
print (f"Iopddpa xotd Tn @edpTwon: {e}")

def get products count (self):
"""EnLotpépel TOV aplBud Twv mpoldviwv"""
return len(self.names)

def run(self):
""UKgpla AgeLlToupyla tou mpoypduupoxtocg"™"
print ("KoaAdc Hpboate orto IUotnua Ataxelptong Mpoldviwv (Series
Edition) !™)

while True:

self.display menu()
choice = input("EmiAéfte Aeittoupyia (1-9): ").strip()
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if choice ==

lll:

self.add product()

elif choice ==

'2':

self.edit product()

elif choice ==

l3l:

self.delete product()

elif choice ==

'4':

self.show products()

elif choice ==

l5l:

self.total value()

elif choice ==

l6l:

self.sort products()

elif choice ==

'7':

self.save to file()

elif choice ==

l8l:

self.load from file()

elif choice ==
print ("EuxoplotoUue mou xpnolLpomnolhoate 1o mpdypopuuo!

Avtio!")

break

else:

print ("Mn éykupn emiAoyn!

# EXTEAEON TOU MPOYPAUUATOQ
if name == " main ":

manager =
manager.run ()

ProductManager ()

'9':

3.4. NMAaiola Aedouévwy (Data Frames)

Avaloyia pe ANAeG AopEg

Aopn
DataFrame
NumPy Array
Python List

Dictionary

ALOLOTAOELG
2D

N-D

1D

1D (kAeLldLa)

Opoyévela
Oxt (pixed types)
Nau (i6log Tumog)
Now

Oxt

1616TNTES
ETIKETEC, LOYUPEG AELTOUPYLEG
FpAyopn aplBpunTkn
ATIAR, EVEALKTN
Zglyn KAELSLOU-TLUNG

Mivakag 3.4.1: S0ykpton twv MAawoiwv Aebouévwy (DataFrames) ue ti¢ dAAeg Aouég

MopakaAd emlAééTte oamd 1 éwg 9.")
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To DataFrame sivat n o xprown dopn ywa data analysis otnv Python Adyw tn¢ guehifiog Kat Twv

TAOUGOLWV AgLToupyLwVY TNG!

Entionun ogAida tekpunpiwongc: https://pandas.pydata.org/docs/reference/frame.html

Tov kwdkag Tng mapaypadou pnopeite va tov Bpeite ebw:

https://colab.research.google.com/drive/1Yu8rEILOVIR5N2kilZDDK2B0ObAcLp-P5?usp=sharing

DataFrame

column

3.4.1. Anuwoupyla & Baowkeg NMAnpodopieg

M£6060¢

Anuovpyia DataFrame

pd.DataFrame()

pd.read_csv()

pd.read_excel()

pd.json_normalize()

BaolkEG 16LOTNTEG Kall
MAnpodopiseg

df.info()

df.head(n)

Nepypadn

Kataokevdalel éva DataFrame amo
Sladopeg Sopég dedopévwy, OMwe
Ae€ika, Alotec 1 NumPy arrays.
Qoptwvel bedouéva  amd  Eva
opxelo CSV kol To UETATPEMEL OF
DataFrame.

Qoptwvel bedopéva  amd  Eva
opxeio Excel.

Metatpénel évBeta  Sedopéva
JSON o0e éva enimebo (flat)
DataFrame.

Epdavitel Lo GUVOTTTIKN)
neplypacdn TOU DataFrame,

cupmepAapBavVopEVWY Twv
OVOUATWY OTNAWV, Tou aplBuoul
MUN-KEVWV TILWV KAl TOU TUTOU
S6ebopévwy (dtype).

ETLoTpEdel TIC TPWTEC N YPAUUES
tou DataFrame (mpoemiloyn: 5).

row

Ewkova 3.4.1 — Avantapaotaon evog lNAatoiouv Asdougvwy

Napadelypo

df = pd.DataFrame({'Ovopa':
['Awa', Twpyog'], 'HAwia':
(25, 301})

df =
pd.read_csv('to_apxeio_pou.
csv')

df =
pd.read_excel('to_apxeio_po
u.xlsx')

pd.json_normalize(api_respo
nse['key'])

df.info()

Output: Rangelndex: 4
entries, 0 to 3, Data columns
(total 5 columns)...

df.head(10)
Output: (ot
YPOUUEG)

npwteg 10

192


https://pandas.pydata.org/docs/reference/frame.html
https://colab.research.google.com/drive/1Yu8rEIL0V9R5N2kiIZDDK2B0bAcLp-P5?usp=sharing

df.tail(n)

df.shape

df.columns

df.index

df.dtypes

df.shape

df.size
df.memory_usage()

df.empty

df.sample(n)

Erotpedel TG
TeAEUTALEG N YPAUUEG TOoU
DataFrame (mpoemihoyn: 5).
Emuotpedel €éva tuple pe Tov
aPLOUO TWV YPOUUWY KAl OTNAWV.

Emotpédel TO OUVOAO  TWV
ETIKETWV (OVOUATWY) OTNAWV.

Emiotpedel TG  ETIKETEC TWV
YPOUUWVY (TO EUPETHPLO).

Erotpedel TOUG TUTIOUG
b6ebopévwy yla kaBe otnAn.

Emotpédel TG SLAOTACEL TOU
DataFrame (aplBuog ypappwy,
opLlOpoc otNAWV).

Emiotpedel tov ouVOALKO aplBuo
otolyeiwv oto DataFrame.
Eruotpédel tn xprion MvAUNG vl
KaBe otnAn (oe bytes).

EAéyxel av To DataFrame eival Kevo
(emiotpédel True N False).

Eriotpedel £va tuyaio
Selypa n ypappwyv and T0
DataFrame.

df.tail()
Output: (oL Tteleutaieg 5
YPOAHEG)

df.shape

Output: (100, 5)

df.columns

Output: Index(['Ovopa’,

'HAwia'], dtype='object')
df.index

*Qutput: Rangelndex(start=0,
stop=2, step=1)*

df.dtypes

Output: Ovopa object, HAkia
int64

df.shape
Output: (100, 5)

df.size
Output: 500

df.memory_usage()

df.empty
Output: False

df.sample(3)
Output: 3 tuxaileg ypoULEG.

Mivakag 3.4.2: MéJobot yia Anutoupyia & Baotkég MAnpogopieg ota DataFrames

MéBoboL mou adopolv tn dnuoupyia Kal tnv emoKOnnon (inspection) evog DataFrame. Autad sival
To Mpwta BApato os KAOe project: mwe dpépvoupe ta Sedopéva péoa Kal mwe katohaBaivoupe Tt

TLEPLEXOUV.

1. Eloaywyn Aedopévwy (Data Ingestion)

H Pandas sival e€atpetikd euéAkTn oto va "dlaBalel" SlapopeTIKEG TNYEG.

e pd.DataFrame(): Xpnolgomnoleitat Kupiwg ylo xelpokivntn dnpioupyia (m.y. amo éva
dictionary). Eivaw xpriowo yla testing r 6tov GTLAXVELS LIKPOUC TIVAKES TTAPAUETPWV.

e pd.read_csv() & pd.read_excel(): Ot "BaciAladeg" Tng eLoaywyng. Znueiwoe otLTo read_csv
elvat ouvBwe oAU To ypriyopo amo to read_excel.

e pd.json_normalize(): Eva "kpudd Stapadvtl". Av Souleuelg pe APl tou eniotpédouv
niepimAoka JSON (nested), autr n p€Bodog ta "wowvel" (flattening) autopato os oTHALG,
YALTWVOVTAG o€ amno moAumAoka loops.

2. Tpriyopn Matid (Initial Preview)

MoALc poptwoaoelg ta Sedopéva, mpémel va Seig av "kabloav" cwotd.

o df.head(n) / df.tail(n): Ta xpnowwomoloUpe mavra ya va Befatwbolpe 0Tt ot eTitkepaAidEC
Slopaotnkav cwWoTA KoL OTL TO TEAOG TOU apxsiou Sev éxeL epiepya keva n labels.
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e df.sample(n): MoAU onuavtko! NoAAEG dpopeg Ta Sedopéva eivat Taglvopnuéva (.. 6AoL ot
avépeg otnv apyxn, OAeg oL yuvaikeg oto TéAog). To head() punopel va oe mapamnAavrosl. To
sample() oou Sivel pLa Lo OVTUTPOCWIIEVUTIKI ELKOVA TOU GUVOAOU.

3. Metadedopéva & Aopn (Metadata)
ESw eAéyyxoupe tnv "vyeia" kal to péyebog tou DataFrame.
e df.info(): lowg n o xpriowun péBodoc. Tou AL apéowd:
1. Noon pvAun katavaiwvel to DataFrame.
2. Avunapyouv Missing Values (Nulls).

3. Toug tumoug dedopévwy (m.x. av po nuepopnvia Stapdaotnke wg "object” avti ya
"datetime").

o df.shape & df.size: MNpoooxn otn dtadopa! To shape eniotpédel Staotaoelg (10 ypapuég, 5
OTAAEG), EVW TO Size TOV OUVOALKO aplBuo kehwwv (10 * 5 = 50).

o df.dtypes: Xprioluo otav BEAELC va ATTOUOVWOELG LOVO TIC APLOUNTIKEG OTHAEC YL
UTtOAOYLoHOUG.

4. Awaxeipion Mviung & EAéyxou

o df.memory_usage(): Av SouAelelg pe peyala dedopéva (Big Data), autr n uéBodog cou
Selyvel moleg oTAAEG "TpWVE" TN VAN O0U. ZUXVA, LETOTPEMOVTAC Ko oTHAN amod object oe
category, n xprion UvNUNG MEPTEL Katakopuda.

e df.empty: Xpnolpomnoleitol Kupiwg og auTopaTIopoUC Kal scripts. Mptv EekvAoelg pLa Bapld
enetepyaoia, eAéyxelc av to DataFrame €xel Oviwg dedopéva yia va arnodUyELG errors.

import pandas as pd
import numpy as np
import json

import tempfile
import os

# 1.1 Anuioupyla DataFrame omd AegfLxd (dict) pe Alotecg
print("1.1 Anupioupyla DataFrame amd Ae&Lxkd")
data dict = {

'Name': ['Anna', 'George', 'Maria', 'Nikos'],
'Age': [25, 30, 28, 351,
'City': ['Athens', 'Thessaloniki', 'Patras', 'Heraklion']

}
df from dict = pd.DataFrame (data_ dict)

print(dfifromidict)
print ("\n" + "-"*50)

# 1.2 Anuioupyia DataFrame omd apyxeio CSV

# AnutloupyouUpe éva mpoowplvd apyxelo CSV yia emidelén
print("1.2 Anpioupyla DataFrame omd apyxeio CSV")
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with tempfile.NamedTemporaryFile (mode='w', suffix='.csv', delete=False,
encoding='utf-8") as tmp csv:

tmp csv.write ("Name,Age,City\n")

tmp csv.write("Eleni,22,Volos\n")

tmp csv.write("Dimitris,27,Chania\n")

tmp csv.write("Sofia,24,Larisa\n")

tmp csv_path = tmp csv.name

# ®6ptwon tou CSV oe DataFrame
df from csv = pd.read csv(tmp csv_path)
print (df from csv)

# Alaypoen mpoowplvoU apxelou
os.unlink(tmp csv_path)
print("\n" 4+ "-"*50)

# 1.3 Anuioupyla DataFrame omd apxeio Excel

# Anottelital n eykatdotaon Tng PBLPBALoBAKNG openpyxl 1 xlrd.
# AnuiloupyoUue éva mnpoowplvd apxelo Excel yia emidelén.
print("1.3 Anuploupyla DataFrame omd apyxeio Excel")

# T'la vo amo@Uyoupue TNV IPAYHAT LK eyypopl) o Excel (mou amaltel emlmAéov

BLBALOOAKECQ) ,

# oamA& delyxvoupe Tnv €VIOAN Kol oxoAl&louue. Av Bélete va tpéfete,
EYKATAOTNOTE openpyxl.

# Ipoocopoiwon: dnuLoupyoltue éva pLlkpd DataFrame kol 1o amobnxeloupe
npoowp Lv& o Excel.

# AV degv éxete eykateornuévo 1o openpyxl, n amobnkeucn Oa amotUXEL. JE QAUTH

tnv neplintwon,
# omAOC €XTUIDOVOUPE TNV €VIOAN Xwelg va tnv exkteAéoouue.

try:

with tempfile.NamedTemporaryFile (suffix='.xlsx', delete=False) as
tmp xlsx:

tmp xlsx path = tmp xlsx.name

# Amobnxevon tou mponyoUpevou df from dict oe Excel

df from dict.to excel(tmp xlsx path, index=False, engine='openpyxl')

# Avéayvwon Ttou Excel

df from excel = pd.read excel (tmp xlsx path, engine='openpyxl")

print (df from excel)

os.unlink(tmp xlsx path)
except ImportError:

print ("H B LRAL06AKN openpyxl dev eilval eykateotnpévn. Hopddelypa pe
read excel mopoAieimetal.")

print("T'ia va 1o gxteAéoete, e€yKATaoTNoTe: pip install openpyxl")
print("\n" + "-"*50)

# 1.4 Anuioupyla DataFrame amd évOeto JSON (normalize)

print("1.4 Anupiouvpyloa DataFrame omdé &vBeto JSON pe pd.json normalize")
# Mopddelypa évOetou JSON (ooav andvinon omd APT)

nested json = {

'status': 'success',
'data': [
{'id': 1, 'name': 'Product A', 'details': {'price': 100, 'stock':
50}},
{'id': 2, 'name': 'Product B', 'details': {'price': 200, 'stock':
30}},
{'id': 3, 'name': 'Product C', 'details': {'price': 150, 'stock':
0}}
1
}

# Efaywyr tou mediou 'data' kol petatponi) oe enimedo DataFrame
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df normalized = pd.json normalize(nested json['data'l)
print (df normalized)
print("\n" + "-"*50)

# AnupiloupyoUue éva Lo avIlmpoownneut kO DataFrame yia To emdueva
nopade lypata
np.random.seed(42) # ylLa avomopayeyLludéInto
df demo = pd.DataFrame ({
'"A': np.random.randn(100),
'B': np.random.randint (0, 100, 100),
'C': np.random.choice(['xX"', 'Y', 'Z'], 100),
'D': pd.date range('2023-01-01", periods=100, freg='D'")
}
# ELooyoyn PEQPLKOV KEVAOV TLUOV YVIX OANPOTNTN
df demo.loc[5, 'A'] = np.nan
df demo.loc[10, 'B'] np.nan
df demo.loc[l5, 'C'] = np.nan

print("2. BASIKEY IAIOTHTEX KAI IIAHPO®OPIESZ")
print ("DataFrame df demo (mpdtec 5 ypoppéc) :")
print(df demo.head())

print("\n" + "_"*50)

# 2.1 df.info () - ZUVONT LKL HEPLYPAPH

print("2.1 df.info () - Suvontlky meplypoen")

df demo.info()

print("\n" + "_"*50)

# 2.2 df.head(n) - Hpdtec n ypoappécg (mpoemidoyn 5)
print("2.2 df.head(3) - Hpdtec 3 ypaupéc")
print(df demo.head(3))

print("\n" + "_"*50)

# 2.3 df.tail(n) - Tedevutalec n ypoppéc (mpoemiAoyn 5)
print("2.3 df.tail (3) - TeAevtaleg 3 ypoupéc")
print (df demo.tail(3))

print("\n" + "-"*50)

# 2.4 df.shape - AiLaot&oelc DataFrame (ypappéc, OTHAEQ)
print("2.4 df.shape - AiLaoctdoeig")

print ("Ap16udc ypapudv kol otnAwv:", df demo.shape)
print("\n" + "-"*50)

# 2.5 df.columns - Ovépata OTNAOY
print("2.5 df.columns - Ovépata oTnAdV")
print (df demo.columns)

print("\n" + "-"*50)

# 2.6 df.index - ETlk€éTECQ YPAUROV (gUupeThplo)
print("2.6 df.index - EtiLxkéteg ypappodv'™)
print (df demo.index)

print("\n" + "-"*50)

# 2.7 df.dtypes - TomolL &edopnévav oavd OTHADN
print("2.7 df.dtypes - TomoL dedopévav')
print (df demo.dtypes)

print("\n" + "-"*50)
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# 2.8 df.size - ZuvoALkOC aplBudg otolyeliwv
print("2.8 df.size - 3uvoALxkdg aplBpdbc ocroilxelwv")
print("MéveBoc (ypaupéc * otnreg):", df demo.size)

print("\n" + "-"*50)

# 2.9 df.memory usage () - Xpnon pvhunc ov& otnin (oe bytes)
print("2.9 df.memory usage () - Xpnon pviunc av& otnAn (bytes)")
print(df demo.memory usage())

print("\n" + "-"*50)

# 2.10 df.empty - EAeyxog av 1o DataFrame esival xevd
print("2.10 df.empty - EAeyxog av elval xevd"
print("To df demo eival kevd;", df demo.empty)

# Anuioupyla xevoU DataFrame yia eunidetén

empty df = pd.DataFrame ()

print ("To empty df eilval kevd;", empty df.empty)

print("\n" + "-"%*50)

# 2.11 df.sample(n) - Tuxaio delypa n ypouudVv
print("2.11 df.sample(5) - Tuxailo delypa 5 ypouudv")
print (df demo.sample(5))

print("\n" + "-"%*50)

print("TéAoc mpoypdupoatog.")
K. 3.4.1: Mapadetyua twv MeGodwv yia Anutoupyia & Baoikég MAnpogopisc ota DataFrames

3.4.2. Anuoupyila DataFrames amo nivakeg NumPy

H &nuwoupyia DataFrame amo mivake¢ NumPy (NumPy arrays) amoteAsl évav omd Toug To
ouvNBOLOUEVOUG KOl armodoTIKOUG TPOTIOUG £loaywyng apBuntikwyv dedopévwyv otn BLBALoBnAkn
pandas, EKUETAANEUOUEVN TN OTEVH EVOWHATWON METafl twv SUo BLBAoBnkwv. Evag mivakag
NumPy (ndarray) ival pla diodidotatn, opoyevig dopuny Sedopévwy Tou UMOpel va PETOTPATEL
aueoa oe DataFrame, pe tnv pandas va mpooBetel autdpata €TkETeC supetnpiou (index) kot
ovouatwy otnAwv (column names) av dev oplotouv pntd. Aut) n Swadikacio elval Siaitepa
XPNOLUN O€ UTIOAOYLOTIKA oOevaplo Omou to SeSopéva mpoépyovial omd HABNUOTIKEG TPALELC

NumPy, OTw¢ UTIOAOYLOMOUC TILVAKWV 1) YEWATPLEC TuXaiwv aptdpmy. 2Bl

H Baowk olUvtoén ywo tn petatpomn evog mivako NumPy oe DataFrame eivol n xprion tou
kataokevaotn pd.DataFrame(array), émou array eivat évag Stodlaotatog mivakag NumPy. Ze auth
TNV MEPLMTWON, OL YPAWUEG TOU Tivaka yivovtal ypaupég Tou DataFrame, ol otiAeg yivovtal otiAec,
EVW TO TIPOETUAEYUEVO EUPETNPLO YPOUHWY glval aképato (0, 1, 2, ...), kaL oL oTAAEG ovopdlovtal
autopoata '0', '1', kAm. H pandas Siatnpel tov tumo Sedopévwy (dtype) tou NumPy array,
g€aodpalilovrag uPnAin anddoon o PeyAAOUC TILVOKEC.

import pandas as pd
import numpy as np

# Anuioupyla dlLodldotatou mivaxa NumPy pe tuyxoioug oplBuolg

array = np.random.randn(4, 3) # 4 vpauuég, 3 OTNAEC, KAVOV LKA KATAVOUL
print("II{voaxoac NumPy:")
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print (array)

# Metatponn) oe DataFrame (mpoemlAeyuéva index kol columns)
df = pd.DataFrame (array)

print("\nDataFrame and NumPy array:")

print (df)

print ("Tonoc dedopévov:", df.dtypes)

K. 3.4.2: Mapadetyua yia tn dnutovpyio DataFrames amo nmivakes numpy

Napatipnon: To DataFrame kAnpovopnoe to dtype floaté4 omd to NumPy array. Ot othAeg

ovouaotnkav avtoparta '0', '1', 12"

Ma peyaAutepn cadnvela, Umopolv va opLoTouVv pnTd T ovopata otnAwv (column names) kat To

gupetnplo ypauuwv (index) kata tn dnuloupyia:

# DataFrame pe oplopéva columns xol index

columns = ['A', 'B', 'C']

index = ['ypoppnl', 'vpouun2', 'ypoppn3d', 'yeoppnd'l]

df named = pd.DataFrame(array, columns=columns, index=index)
print("DataFrame pe oplLopéva columns kol index:")
print (df named)

Napatipnon: OL etikéteg index srutpenouv label-based mpdoBaocn, m.x. df _named.loc['ypoapuunl']

ETULOTPEDEL TN OELPA WG Series.

H pandas unootnpilel emiong tn petatpomnn povodidotatwy mvakwyv NumPy oe Series ) DataFrame

Je pila othAn:

# MovodL&otatog mivaxkoag oe Series

vec = np.array([10, 20, 30, 40])

series = pd.Series(vec, name='GBecpuoxkpooliec')
print("Series oand 1D NumPy array:")
print(series)

# Ye¢ DataFrame pe plo oThHAn

df single = pd.DataFrame(vec.reshape(-1, 1), columns=['Gcpuoxpaciec'])
print ("\nDataFrame and 1D array (reshape ce 2D):")

print (df single)

K. 3.4.3: Mapadetyua yto tn dnuioupyia Zelpwv amo mivakeg numpy

Ipoooyt): I'a povoSidotata arrays, xpNoLUOTOOTE reshape(-1, 1) yia va yivel oThAnN, aAALDS Oa

ylverypappn.

3.4.3. MMpoéoBaon kal EmAoyn

Nepwypadn Edappoyn

Baowkn NMpdcBacn os ITAAEG
Em\éyel pa otiAn kol TtV  emotpédel

w Series . nAtkieg = df['Age']

df['6évopa_otnAng']
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df[['otnAnl’, 'otnAn2']]
NpdoPaon pe Etikéteg (.loc)

df.loc['etikéta_ypoppng']
df.loc[['vpapl', 'vpau2']]

df.loc['etikéTa_apyng':'eTIKET

o_TéAoug']

df.loc[:, '6vopa_otniAng']
df.loc['ypappr', 'othin']

df.loc[df['otnAn'] > 5]

NpdcBoaon pe Ofon (.iloc)

df.iloc[B¢on_ypapung]

df.iloc[B€on_apxng:0éon_TeA

oug]

df.iloc[:, Béon_otnAnc]

df.iloc[B¢on_ypappng,

B£on_otnAnc]

df.iloc[B¢on_apxng:0éon_téA

oug, B£on_otnAnc]

pRyopn NpoocPBacn ce

Itoeio

df.at['etikéta_ypopunc',

'ovopa_otAAng']

df.iat[0€on_ypappng,

B£on_otnAnc]

Ertiloyn pe ZUVORKEG

(Boolean Indexing)

f[df['ocTtnAn'] > 10]

df[(df['otnAn1'] == 'tR') &

(df['otnAn2'1 > 5)]

EmtiAéyel mOAQTAEG OTAAEG KAl TIG EMLOTPEDEL
w¢ véo DataFrame .

EmAéyel plo ypapun He BAocn tnv ETKETA
(label) Tou 6¢eiktn (index) .

ErmuAéyel TOMAQTMAEG YpOUMEG MHE BAon TG
ETIKETEC TOUG .

Kavet slice og  ypappéc. Znueiwon: Me
to .locto €Upog ouumepAapBavel Kol TNV
ETIKETO TEAOUG .

EmAéyel OAeg TIC ypoppég (i) vy o
OUYKEKPLUEVN OTAAN .

ETUAEYEL Ula CUYKEKPLUEVN TLUN (KeAL) pe Baon
TNV ETIKETA YPARLUNAG KOL TO OVOUO OTAANG .
EMAEyel  YPOUUEC TIOU  LKOVOTIOLOUV  HLa
ouvonkn (Boolean indexing) .

ETAEyeL pla ypauun He Baon tnv aplOunTikn
¢ Béon (Eexva amo to 0) .

Kavet slice og  ypappég. Znueiwon: Me
1o .ilocto €Upog eilval nuL-ovolxtd (bev
ouunephapPavel tn B£€on TéAoug), OMwC ota
standard Python lists .

ETAEyel OAEG TIC YPAUUEG YLO pLat OTHAN HE
Baon tnv aplduntikn tng B£on .

ETAéyel pla ouykekpLuévn Tiun (keli) pe Baon
TIC apLlOUNTIKEG BEDELG YPAUNG KAl OTAANG .

EmAéyel éva UTIOGUVOAO YPOUUWV Yo pla
OUYKEKPLUEVN OTAAN .

npocfoaon oe

TULA XPNOLUOTIOLWVTOG
—4

Mopéxel yprvopn
L0 LEMOVWUEVN
etkéteq. Elvau tayutepo amd 1o .loc yiadX
OKOTIO .

Mapéxel ypnyopn npocBaon o€
L0 LEMOVWEVN TLULR XPNOLLOTIOLWVTOG
oképale¢ Béoelg. Elval taxUutepo  armo
10 .iloc ytaiX —™ okomd .

ETUAEYEL YPAUUEG OTIOU N TIUA OE Ho. OTAAN
LKOIVOTTOLEL Lo GUVONKN .

ETUAEYEL YPOAUUEG TTOU LKOVOTIOLOUV TTOAAOTTAEG
ouvOnkec (Aoywo KAI &). KaBe ouvOnkn
umaivel oe moapévBeon .

UTtOoUVOAO =
df[['Name', 'City']]

df.loc['b']

df.loc[['a’", 'c', 'e']]

df.loc['b":'d']

df.loc[:, 'Age']

df.loc['c’, 'Name']

df.loc[df['Age'] >
30]

df.iloc[1] #
EmAéyet ™ 2n
YPOUUN
df.iloc[0:3] #
EmAéyet Tc 3
TPWTEG YPOALHES
df.iloc[:, 11#
EmAéyet ™ 2n
othAn

df.iloc[2, 1] # Twn
otV 3n ypapun
KoL 2n oTAAN

df.iloc[1:4, 2]

df.at['b’, 'City']

df.iat[2, 1]

dfdf['Age'] > 30]

df[(df['City'] ==
'‘London’) &
(df['Age'] > 25)]
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M£6060¢ Nepwypadn Edappoyn
. 0 Ertihéyel VPOLLLEG TIou wkovortolovy  df[(df['Name'] ==
df[(fjf[ orn)\'r]l] == ) | TouAdxLoTov pia amod moAEC ocuvOnkes (Aoyikd  'Bob') | (df['Age']
(dff'otnAn2'] < 3)] H ). <20)]

Mivakac 3.4.3: MéJobot yia MNpooBaon kat EmiAoyn ota MAaiota Aedougvwv

1. Baowkn Mpdofaocn (Square Brackets [])
AUTOC glval o TILo ypHyopog TPOTIOC VLA VA ATIOUOVWOELG OTHAEG.

o df['column']: Emotpédel pia Series. IkePou To oav va MOLPVELG pLa LOVO KABeTn déTa Tou
TtvoKa.

e df[['coll’, 'col2']]: Emiotpédel éva DataFrame. Akopa Kot av emNEEELC pia oTAAN OAAG
xpnotpomnotnoelg SumAég aykUAeg df[['Age']], To amotéAsopa Ba napapeivel DataFrame
(mivakag) ko oxL Series.

2. Npdofaocn pe ETikéTec: .loc
H nébodog .loc Baoiletal ota ovopata (labels) Twv ypappwy Kat Twv oTnAwv.

e Slicing mpoooxn! 2to .loc, to slicing cupneplapuPadvel to teheutaio otolyeio. Av ypaelg
'b":'d', Ba mapeLg kat tn ypopuun 'd'.

e Boolean Indexing: To .loc eivat e€alpetikd yiwa PAtpdplopa. lNa mapddelypa, To
df.loc[df['Age'] > 30] P axvel oLeg ypaUUEC €xouv True oTn cuVONRKN KoL TG EMLOTPEDEL OAEC.

e ZUvrtagn: Navta akolouBei to mpotumo df.locypappég, otAeg]. Av BEAeLG OAEC TIG YPAUES
yla pia oTtiAn, XpNOoLUOToLEic TNV avw-Katw teAsia: df.loc[:, 'Name'].

3. NMpdofaocn pe Ofon: .iloc

H néBodog .iloc (integer-location) ayvoel ta ovopata Kat KoLtalel LOVo TouG aképaoug Seikteg (0,
1,2..).

e  Pythonic Slicing: ESw oxUeL 6,TL KaL oTLg Aloteg TnG Python. To 0:3 Ba cou dwoel T BEoeLg
0, 1, 2 (to 3 e€aupeital).

e Xpnon: Eivat 1davikd otav BEAELG vo TTAPELC TL.Y. TIC TPWTEG 10 YpapES A TIC TEAEUTALEG 2
OTAAEG, Xwpic va og volalel mw¢ ovoudlovtal.

4. Fpyopn NpdoBaon: .at ko .iat

MoAAol xpNoTeg TIG ayvoouv, alAd sival moAUTIUEG yia BeATioTomolnon TaxUTnTag.

MéBodoc Baoikn Atadopad Mote T XPNOLUOTOLOUE

.at MNpooPaon oe éva kehl pe  Otav BéAoupe va StaBdcoupe f va aldfoupe pia
ovoua. OUYKEKPLULEVN TLUN Ypryopa.

.at MpooPaocn o éva kehl pe  MapopoLo He TO .at, aAAd XPNOLLOTIOLWVTAG APLBUNTIKOUG
Béon. Selktec.

Mivakag 3.4.4: Atapopég Twv uedodwy .at kat .iat
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Av n edappoyn oou kavel xIAtadeg emavaAnPels (loops) mavw oe ke, n .at eival onUavTka
ToxUTepNn amod tnv .loc.

5. D\tpapiopa pe TuvBbnkeg (Boolean Indexing)

ESw oupPaivel n "payela" tg avaAuong dedouévwy. Mmnopeic va cuvdudaoelg cuVORKEeS
XPNOLOTIOLWVTAG TEAEOTEG bitwise:

e & (AND): Mpémel va Loyuouv Kal oL SU0 cUVONKEG.
¢ | (OR): Npénel va LoxUeL TOUAA)LOTOV pia.
e~ (NOT): Avtiotpédel Tn cuvONKN.

Inuavtiko: Mavta va BAlelg TG ouvonkeg oe mapevOEcelg, aAllwg n Python Ba unepdeutel pe tnv
TPOTEPALOTNTA TwV TeAeotwv (m.X. df[(df['A'] > 1) & (df['B'] < 10)]).

# Mpdypouua eaideléng pebddov npdofaong kKol emlAoyng oe DataFrame 1ng
# Pandas
import pandas as pd

# 1. Anuioupyla evog mapade {ypatog DataFrame

# To DataFrame mepléxel mAnpooopieg via &touo: Ovouo, HAlx{o, [OAn, Babudg.
# To index opiletal pntd ue ypdppota (a, b, c, d, e) yia va doUue Tn XPHon
ETLRKETOV.
data = {
'"Ovopa': ['Avva', 'BaociAng', 'T'teopyoc', 'Afuntpa', 'EAévn'l,
"HAtx{o': [25, 30, 22, 35, 28],
'TI6AN': ['ABAva', 'Gsocoaiovixkn', 'HI&tpa', 'ABHva', 'HphxArelio'l],
'BaOude': [8.5, 7.2, 9.0, 6.8, 8.9]
}
df = pd.DataFrame(data, index=['a', 'b', 'c¢', 'd', 'e'])

print ("=" * 70)
print(”APXIKO DATAFRAME")
print("=" * 70)

print (df)

print("\n'")

# 2. Boolxk) mpdéoPfacn oe OTHAEQ

print ("=" * 70)
print("2. BAYIKH I[IPOZBAXH XE ZTHAEXZ")
print ("=" * 70)

# Emidoyn ploag othAng (emiorpépeTal Series)
print("--- Enmitdoyh) ploag othang: df['Ovoupa'] ---")
ser = df['Ovoua']

print (ser)

print("Tonoc:", type(ser))

print ()

# EmiAoyn) mOAAQOV OTnAdV (emloTpépeTal DataFrame)

print("--- EmiAoyh) moAAoOv otnAdv: df[['Ovouo', 'Babudc'l] ---")
sub df = df[['Ovoupa', 'Babpodc'll]

print (sub_ df)

print ("TUnoc:", type(sub df))

print("\n")
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# 3. lpboPoon pe PRdon etixkéteg (label-based) — .loc[]

B
print("=" * 70)

print("3. IIPOSBAYH ME .loc[] (ne etixéteq)")

print ("=" * 70)

# BEmidoyn ploag ypopphg ge Inv €ITLKETH TOU index
print("--- Emidoyn ploc ypoppng: df.loc['b'] ---")
row b = df.loc['b']

print (row D)

print()

# EmiAoy TOAAOV YVPauudyV (AT €TLKETOV)

print("--- EmiAoyl moAAov ypapuodv: df.loc[['a', 'c', 'e'l]l ---")
rows _ac = df.loc[['a', 'c¢', 'e'll

print (rows_ac)

print ()

# Slice ypopupdv (1o e€Upog elval xAelotd: ouumepliopfdvel xol to 'd')
print("--- Slice ypoppodv: df.loc['b':'d'] —---")

slice rows = df.loc['b':'d']

print(slice rows)

print()

# EmiAoyn OAwV TV YPAUUOV YyLia ploa ouykekpluévn OTHAD

print("--- OAecg oL ypoppéc yia tn othAan '"Hiaixkioa': df.loc[:, '"HAitxia']l --=-")
all age = df.locl[:, 'Hiixia']

print(all age)

print()

# EmiAoyn ouykexrplpévou xeAloU (ypouurn 'c', othAn 'IDOAn')
print("--- Suyxekplpévo xreAl: df.loc['c', 'IIOADR'] ---")
cell value = df.loc['c', 'IOAn']

print("Tiun oto df.loc['c', 'II6ANR']:", cell value)
print()

# Boolean indexing pe .loc (emLAovyh ypouudv R&oel ouvONKNg)
print("--- Boolean indexing: df.loc[df['HAtxloa'] > 27] --=-")
filtered loc = df.loc[df['HAlxia'] > 27]

print(filtered loc)

print()

# Juvduooudc: ypaupécg MmoU LKAVOIOo LoUV OUVONKN, KAL HOVO OUYKEKPLUEVEQ
othAeC

print("--- Iuvduooupdg: df.loc[df['HAixia']l > 27, ['Ovoua', 'Babudéc'll ---")

filtered cols = df.loc[df['HAixia']l > 27, ['Ovopa', 'Babudc'll
print(filtered cols)
print("\n'")

# 4. IpdoPoon pe Pdon axépola 6éon (position-based) — .iloc[]

print ("=" * 70)
print("4. IIPOSBASH ME .iloc[] (pe axépoaleg 6éceig)")
print("=" * 70)

# Emidoyn ploc ypappng upe tnv apldunt Lkl tng Oéon (2n ypouupn, Oniadn index
1)

print("--- Emiloyh) 2n¢ vpopphg: df.iloc[l] ---")

row 1 = df.iloc[1]

print(row 1)
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print()

# EmiAoyn moAAov ypappdv (6éceitg 0, 2, 4 - 1n, 3n, 5n)

print("--- EmiAoyn ypoppdv pe Alota 6écewv: df.iloc[[0, 2, 4]] —---")
rows 0 2 4 = df.iloc[[0, 2, 4]]

print(rows 0 2 4)

print()

# Slice ypoppdv (nui-avolxtd eUpog: Bféoeic 1 éwc 3, dnA. ypauuécg 2,3,4)
print("--- Slice ypappodv: df.iloc[1l:4] ---")

slice iloc = df.iloc[1:4] # 6éoelc 1,2,3 - ypauuéc b, c, d
print(slice iloc)

print ()

# Exmitdoyn OAwv TV ypouudv yia ploa othdn pe Rdon tn 6éon tng (OothAn 2 —
'TIOAN ")

print("--- OAec oL ypappécg via In orfnAn 6éonc 2 (IIo6An): df.iloc[:, 2] —--=-")
col 2 = df.iloc[:, 2]

print(col 2)

print()

# EmilAoyn ouykexrplpévou xeAloU (ypouun 3, otnAn 1) — ypapph d, othAn HA ko
print("--- Suyxexkplpévo reAl: df.iloc[3, 1] ---")

cell iloc = df.iloc[3, 1] # 4n ypouun (6éon 3), 2n ornAn (B6éon 1) —
HAxix{a tng Afuntpoag = 35

print ("Tiun oto df.iloc[3, 1]:", cell iloc)

print()

# YmooUvoAo ypaupdv yvia pla oTthAn (ypouuég 1-3, otnin 0 — Ovoua)
print("--- Tpoppéc 2-4 yia tn otnAn 0: df.iloc[l:4, 0] ---")

sub _iloc = df.iloc[1:4, 0] # 6éoeilc 1,2,3 otn ypouun, othAn O
print(sub iloc)

print("\n")

# 5. T'phyopn npdoPfaocn oe pepovopéva ocrtolyxelo — .at[] xot .iat[]

# _______________________________________________________________
print("=" * 70)

print("5. T'PHT'OPH IIPOXBAXH XE MEMONQMENA YTOIXEIA (.at koL .iat)")
print ("=" * 70)

# .atl[]: pe etixéteg (label-based)

print("--- df.at['c', 'Babudc'l ---")

val at = df.at['c', 'Babuoédc'l]

print ("Boabuodc tou T'iopyou (ypopurn c):", val at)

print()

# .iat[]: pe oxépalreg 6éoeLq

print("--- df.iat[4, 3] —---")

val iat = df.iat[4, 3] # 5n ypouun (EAévn), 4n othAn (Babpoédec)
print ("Boabudéc tnc EAévnc (6&on [4,3]):", val iat)

print("\n")

# 6. EmitAoyn pe ouvlnkeg (Boolean indexing) omeubelogc pe df[]

print("=" * 70)
print("6. BOOLEAN INDEXING (emlAoyh ypouudv pe ouvBnxkeg)")
print("=" * 70)

# AmAnN ouvBnkn: ool éxouv nALxkio > 27

print ("--- df[df['HAixia'] > 27] ---")
booll = df[df['HAixia'] > 27]
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print (booll)

print ()

# Juvenkn pe Lodétnta: 600l Pévouv oInv ABHVA
print("--- df[df['II6AR'] == 'AGAva'] ---")
bool2 = df[df['II6AR'] == 'A6Ava']

print (bool2)

print()

# ToAlomAég ouvBnkeg pe AND (&) : HAtxl{o > 25 KAI Boabudbg >= 8.5

# (k&Be ouvlnNkn oce moapévOeon)

print("--- df[ (df['HAixila'] > 25) & (df['BaBudc'] >= 8.5)] ---")
bool and = df[(df['HALtxia'] > 25) & (df['Babuoc'] >= 8.5)]
print(bool and)

print()

# HoAdomAéc ouvBnkeg pe OR (|): HAlxki{a < 23 H [H6An == 'HpdxAelo'
print("--—- df[(df['HAtxla'] < 23) | (df['O6An'] == 'Hpdxiero')] —---")
bool or = df[(df['HAixia'] < 23) | (df['II6An'] == 'Hp&xAeio')]

print (bool or)

print()

# Juvduoaoudc boolean indexing pe enmiAoyrh otnAdv (péow .loc 7O anAd pe dUo
[17?)

# MomopoUue voa XpnolLpomoljooupe .loc 1 va B&Aoupe tnv €mLlAoyl OTNAOV peTd.
print("--- EmiAoyn pdévo Ovéuatog kol BabBupol yia dcoug éxouv HAilxlo > 27 ---
")

bool cols = df.loc[df['HAitxia'] > 27, ['Ovoua', 'Babudc'll]

print(bool cols)

print("\n")

# 7. IpdbocBeteg XPHOLUEC €VIOAEC YyPNyopPNg €mLoKOINONG
# _____________________________________________________
print("=" * 70)

print("7. EIINAEON ENTOAEY EINISKOIIHEHZ")

print("=" * 70)

# .head() : ol mpdteg ypaupég (mpoemioyn 5)
print("--- df.head(3) (mpdteg 3 ypappéc) ---")

print (df.head(3))

print()

# .tail() : ol Tedevtaleg ypoupéc

print("--- df.tail (2) (teAevtaleg 2 ypappéc) ---")
print(df.tail(2))

print()

# .sample () : TuXxieg ypOoupéc

print("--- df.sample(2) (2 tuxaleg ypoappéc) ---")
print (df.sample(2))

print()

# .info () : mAnpoeopieg DataFrame

print("--- df.info () ---")

df.info ()

print ()

# .describe () : OTATLOTLKA mePlANYN VIX aplOUNTLKEC OTHAEC
print("--- df.describe() ---")

print (df.describe())

print()
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print ("=" * 70)
print ("TEAOY [POI'PAMMATOS")
print("=" * 70)

Mivakac 3.4.5:Mapadetyua twv MeBodwv yia NpooBaon kat Emidoyn ota MAaioia Asbougvwv

3.4.4. Boolean Indexing & OW\tpaplopa

Baowko Boolean Indexing

df[df['column'] == value]

df[df['column'] != value]

df[df['column'] > value]

df[~df['condition']]

DAtpapiopa pe MoAAAAEG TLUEG

df[df['column'].isin(list)]

df[~df['column'].isin(list)]

MoAAarA£g ZuvOnKeg

df[(df['col1'] > x) & (df['col2'] ==y)]

df[(df['col1’] > x) | (df['col2'] == y)]

df[df.eq(value).any(axis=1)]

DW\tpdaplopa pue Strings

OW\TPAPEL TIG YPOUUEG
OToOU 1N TN  MLOG
oTAANG elval ion pe pa
OUYKEKPLUEVN TLUN.
DWTPAPEL TIG YPAUUEG
OTIOU N T MLOgG
oTAANG dev glvau
ion e po Tun.
OWTPAPEL YPOUMEG ME
Baon OUYKPLTIKOUG
TeEAEOTEG (>, <, >=, <=).
AVTLOTPEDEL pLo
ouvonkn (teAeotng ™),
EMIOTPEPOVTAG  OOEG
VPOAUUEG BEV TNV
LKOVOTIOLOUV.

OWktpdpel VPOLLLEG
OTIOU N TLUA TNG oTNANG
neplAappaveroal o€
pLo Alota emiBupntwv
TLLWV.

OW\tpapel VPOULEG
OmoU N TWA TING
otnANG &ev mepAappa
VETOL O€ pLa Afota.

Juvduaopog cuvenkwv
HE  Aoyiko KAl (&).
KaBe ouvObnkn mpémel
va gival oe mapevOeon.
Juvduaopog cuvenkwv
pe AoywoH (|).

Bpiokel VPOULLEG
OTIOU OMOLASATIOTE OT
AAN  TEPLEXEL  HLa
OUYKEKPLUEVN TLUA.

df[df['Age'] == 27]

df[df['Gender'] = 'Male']

df[df['Age'] >= 25]

df[~(df['Age'] < 25)]

df[df['City'].isin(['Paris',
‘Tokyo'])]

df[~df['City'].isin(['Paris’,
‘Tokyo'])]

df[(df['Gender'] == 'Female') &
(df['Age'] > 25)]

df[(df['Age'] > 30) | (df['City'] ==
‘London')]

df[df.eq('Male').any(axis=1)]
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df[df['column'].str.contains('text’)]

df[df['column'].str.startswith('text')]

df[df['column'].str.endswith('text')]

Du\tpdaplopa pe Huepopnvieg

df[df['date_column'].dt.year == year]

df[df['date_column'].dt.month ==

month]

df[df['date_column'].dt.day_name().is

in(list)]

D\tpaplopa yia Kevég/Mn Kevég

Tiég

df[df['column'].isna()]

df[df['column'].notna()]

Npoxwpnuéveg & EVOANOKTIKEG
MéBodoL

df.query("condition")

df.loc[boolean_condition, columns]

O\tpapel VPOULUEG
OTIOU TO KEILEVO OE pLOL
OTHAN TEPLEXEL LLLOL
uTto-cuBoAocELpa
(umooTnpPilel KOVOVIKEG
ekdpAoeLg).

O\tpapel VPOULUEG
OToU TO
Kelpevo EEKVAEL pe
piLa OUYKEKPLUEVN
oupBolooelpa.
OW\tpapel VPOUUEC
Omou T0
KelEVO TEAELWVEL e
L OUYKEKPLUEVN
oupBolooelpa.

OWtpapel pe  Baon
TO £€T0G OO Lo OTAAN
nuepopnviag.
OWtpapel  pe  Baon
TOV HAVAL.

OWtpapel pe  Baon
TO GVOuOL TNG NUEPQLG.

OW\tpapel VPOULEG
Omou n wn
elvat ayvwotn (NaN).
OW\tpapel VPOULEG
OmouU n TN 8gv gival
ayvwotn.

Emitpénel pAtpaplopa
e

XpNon cuUPBoAOCELPAG
(string), mapopola pe
sQlL. Elval o
£UQVAYVWOTO yla
TLOAUTTIAOKEG OUVONKEG.
OW\tpdpel pe boolean
ouvenkn Kol
TapAaAnAa umopetl
va ETUAEEEL
GUYKEKPLUEVEG

OTHAEG yLa eTLOTPO D).

df[df['City'].str.contains(‘on’,
case=False, na=False)]

df[df['Name'].str.startswith(')')]

df[df['City'].str.endswith('0")]

df[df['c'].dt.year % 2 == 1]

df[df['c'].dt.month == 9]

df[df['c'].dt.day_name().isin(['M
onday', 'Friday'])]

df[df['City'].isna()]

df[df['City'].notna()]

df.query("Age > 25 and Gender
== 'Female")

df.loc[df['Age'] > 25, ['Name',
'City']]
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AVTIKOOLOTA TIG TIMEG
OTou n ouvenkn
glval True pe QAAEG
THES  (xpriowo v
OVTLKATAOTAON, oxL
Ao ¢pIATpapLopQ).

Mivakag 3.4.6: MéGobot yia Boolean Indexing & @Atpaptoua yia MNAaioto AeSougvwy

df.mask(cond, other) df.mask(df % 3 == 0, -df)

To pAtpaplopa (N aAwg "querying") eivat n Stadikaoia 6mou amopovwyvelg Ty Anpodopia mou
TPAYHOTIKA XpeLldleoal péoa amd Evay WKEOVO SeS0UEVWV.

1. Boolean Indexing (H "KAaown" M£6060g)
Auth n néBodog Baoiletal otn Snuwovpyia pag "paokag" anod True kot False.

e Juykpioslg (==, !=, >, <): Eival n Baon twv mavtwv. Otav ypadelg df['Age'] > 25, n Pandas
dnuioupysi plo ostpa amnod True/False yia kaBe ypapun.

e O teAeotig ~ (NOT): Eival efalpetikd xpriolpog otav EEpelg tL 8ev BéAelg. Avtl va ypadelg
TiepUMAOKEG OUVONKEC L0l VAL CUUTTEPIAABELS T TIAVTO EKTOG ATIO KATL CUYKEKPLUEVO, OTTAWC
dTage Tn cuvOnKn yLa auTd TIou BEAELG va TTETAEELS Kol BAAE TO ~ UMPOCTA.

2. Dktpaplopa pe Aioteg ko Strings
ESw n Pandas &eilyvel Tn SUVAUN TNG OTOV XELPLOUO KELUEVOU.

e .isin([]): Zkéyou to cav £va moAAamAo "H". Avti yia (df.City == 'A") | (df.City == 'B'), ypadelg
df.City.isin(['A’, 'B']). Eival oAU 1o kaBapo kal ypriyopo.

e .str.contains(): To amoAuto epyaleio yia avalntnon Aé¢swv.

Tip: Xpnowpomnoinoe mavta To na=False péoa oto contains, ywati av n otAn €xel kevd (NaN), n
HEB0doG Ba metdtel opaipa. To case=False oe owlel and to va Yayvelg "Athens" kat "athens"
Eexwplota.

3. MNoAAamnAég ZuvOnkeg & any(axis=1)

e MapevBéoelg: To voUpepo €va AdBog Twv apxaplwv eival va Eexvolv TIG TapevOETELS OTLG
ouvBnkec. H Python é£xel Sladopetikr TpotepaldTNTA yla To & KAl TO |, OmMote oL
apevOEDELC ElvVaL UTTOXPEWTLKEG.

e any(axis=1): Auto eilval "mtupnviko OmAo". Jou erutpémel va PAEELG pLo TIU O OAEG TIG
otAeg tautoxpova. Av yia mapddsiypa Paxvelg t Aé€n "Error" omoudnmote péca oOto
DataFrame, 1o any(axis=1) Ba cou Bpel TN ypappn OmoLa 6TAAN KL OV TNV TIEPLEXEL.

4. Time-Series Filtering (Huepopnvieg)

Mo va SouAéPouv ta .dt.year, .dt.month k.Am., n otAAn cou mpéneL va ival tumou datetime64. Av
elval amAo6 keipevo (object), xpnolponoinos mpwta tnv pd.to_datetime(df['column']). Elvat o o
€UKOAOG TPOTOG VO KAVELG €MOXLOKA ovaluon (m.X. "Owoe Hou OAeC TIC MWANOCEL TIOU Eyvav
Mapaockeun").

5. Mpoxwpnuéveg MéBodol (query & mask)
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df.query(): Av mpoépxeoal amod tov kKoopo tnG SQL, Ba tn AatpEéPelg. Zou EMLTPEMEL va
YPAPELG TN cUVONKN WG KELLEVO, KATL TTOU KAVEL TOV KWALKA TTOAU TILO aVayVWOLLO.

o MNapabdeyua: df.query("Age > 30 and City == 'Paris'").

df.mask(): H Stadopd edw eivat 6t n mask dev "netdel” T ypappeg, aAAG TG "kpUBEL" A TIg
avtikaBlota. Eivat tbavikn yla data cleaning (r.x. "omou n nAwia glvat apvnTikr, KAve TNV
NaN").

Npoaktikég ZupPBoulég (Best Practices)

1.

Ma Emdoyn + @Atpaplopa: Xpnolponoinos to .loc. Eival mo amodotikd va ypadelg:
df.loc[df['Age'] > 25, 'Name'] mapa to: df[df['Age'] > 25]['Name'] (autd Aéyetal chained
indexing ko pumopel va mpokaAéael posldomnolnoslc otnv Pandas).

Missing Values: MNpwv dktpdapelg, éleyxe mavra yia isna(). NMoAAég dopéc ol umoloylopot
QIOTUYXAVOUV EMELSN UTIAPXOUV KPUUUEVO KEVA KEALA.

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")

data

=

'Name': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni', 'Dimitris',

'Sofia', '"John', 'Alice', 'Bob'],

'Age': [25, 30, 28, 35, 22, 27, 24, 40, 31, 291,
'Gender': ['Female', 'Male', 'Female', 'Male', 'Female',K 'Male',

'Female', 'Male', 'Female', 'Male'],

'City': ['Athens', 'Thessaloniki', 'Patras', 'Heraklion', 'Volos',

'Chania', 'Larisa', 'London', 'Paris', 'Tokyo'l,

'Salary': [50000, 60000, 55000, 65000, 48000, 62000, 51000, 80000,

75000, 7000071,

}

'Join Date': pd.date range('2020-01-01', periods=10, freg='M')

# BElooaywy HEPLRKOV KEVOV TLUOV Vi emnideLén
data['City'][5] = np.nan # H Chania yivetalL NaN
data['Salary'][8] = np.nan # H Alice éxelL NaN oto Salary

df = pd.DataFrame (data)

print ("ApxLxd DataFrame:")

print (df)

Print(”\n” + 11:11*80 + H\nll)

# ___________________________________________________________________
# 1. BAXIKO BOOLEAN INDEXING

# ___________________________________________________________________
print("1. BASIKO BOOLEAN INDEXING")

print("-" * 50)

# 1.1 df[df['column'] == value] - ®LATPp&pLOUX Pe LOOTNTA

print("1.1 df[df['column'] == value] - Tco pe 27 (Age)")

filtered = df[df['Age'] == 27]

print(filtered)

print ()

# 1.2 df[df['column'] != value] - ®LATP&PLOUX PE oV LIOOTNTA
print("1.2 df[df['column'] != value] - AiL&popo Tou 'Male' (Gender)")
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filtered = df[df['Gender'] != 'Male']
print(filtered)
print()

# 1.3 df[df['column'] > value] - ZUykPLTLKO[ TeAeOoTéC
print("1.3 df[df['column'] > wvalue] - HAitxla >= 30")
filtered = df[df['Age'] >= 30]

print(filtered)

print ()

# 1.4 df[~df['condition']] - AVILOTPO®OH OUVONKNG

print("1.4 df[~df['condition']] - OxL (HAitxla < 25) (dnA. >=25)")
filtered = df[~(df['Age'] < 25)]

print(filtered)

print("\n" + "="*80 4+ "\n'")

print("2. ®INTPAPIZMA ME IIONANAIIAEE TIMES")
print("-" * 50)

# 2.1 df[df['column'].isin(list)] - HeplAauBdvetal o Alota

print("2.1 df[df['column'].isin(list)] - HO6Aelc Athens, London, Paris")
cities list = ['Athens', 'London', 'Paris']

filtered = df[df['City'].isin(cities list)]

print(filtered)

print()

# 2.2 df[~df['column'].isin(list)] - Aev meplAaufdvetal oe AloTx
print("2.2 df[~df['column'].isin(list)] - Ox. otic¢ Athens, London, Paris")
filtered = df[~df['City'].isin(cities 1list)]

print(filtered)

print("\n" 4+ "="*80 + "\n'")

print("3. IIONNAIAEY XYNGHKEX"™)
print("-" * 50)

# 3.1 NoyLlxkd KAI (&)

print("3.1 (df['Gender'] == 'Female') & (df['Age'] > 25)")

filtered = df[(df['Gender'] == 'Female') & (df['Age']l > 25)]
print(filtered)

print()

# 3.2 Noyixd H (|)

print("3.2 (df['Age'] > 35) | (df['City'] == 'London')")

filtered = df[(df['Age'] > 35) | (df['City'] == 'London')]
print(filtered)

print()

# 3.3 df.eg(value) .any(axis=1) - OmoloadAmoTe OTHAN HeEPLEXEL TNV TLun 'Male'
print("3.3 df.eqg('Male') .any(axis=1l) - Tpoppéc pe 'Male' oeg omolLadAmoOTE
otnan")

filtered = df[df.eg('Male') .any(axis=1)]

print(filtered)

print("\n" + "="*80 + "\n")

# ___________________________________________________________________
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# 4. OINTPAPIZMA ME STRINGS

print("4. ®INTPAPIYMA ME STRINGS")
print("-" * 50)

# 4.1 str.contains () - Hepléxel uvmoouuRolooelpd (case insensitive,
XelpLloudbg NaN)

print("4.1 df['City'].str.contains('on', case=False, na=False) - IdAeLg pe
'onl")

filtered = df[df['City'].str.contains('on', case=False, na=False)]
print(filtered)

print()

# 4.2 str.startswith() - Eexl1v& pe OUyKekpluévo mpdbeud

print("4.2 df['Name'].str.startswith('J') - Ovéupota mou apxilouv pe 'J'")
filtered = df[df['Name'].str.startswith('J")]

print(filtered)

print ()

# 4.3 str.endswith() - TeAeldvel pe OUyKekpluévo enibnuo

print("4.3 df['City'].str.endswith('o') - IIéAeLg mou TeAeLdvouv ce 'o'")

filtered = df[df['City'].str.endswith('o', na=False)] # na=False oamopeUyel
op&Apa pe NaN

print(filtered)

print("\n" + ":"*80 + H\nll)

F e —_—
# 5. ®INTPAPIZMA ME HMEPOMHNIES

print("5. OINTPAPIYMA ME HMEPOMHNIEZ")

print("-" * 50)

# BeBatovépacte 6Tl n otfAn Join Date elvol datetime
df['Join Date'] = pd.to datetime(df['Join Date'])

# 5.1 dLATp&pLopa pe RB&on To €toC (m.yx. é€toc 2020)

print("5.1 df[df['Join Date'].dt.year == 2020] - Eyypagéc to 2020")
filtered = df[df['Join Date'].dt.year == 2020]

print(filtered)

print()

# 5.2 dLATpd&pLlopa pe RB&on Tov pRva (m.x. pRvoc Sentépfotrog = 9)

print("5.2 df[df['Join Date'].dt.month == 9] - Eyypa@éc Tov ZemtéuBpLo")

# St dedouéva pag ol nuepounvieg eival unviaieg amd Iavoudplo, omndte (0w
dev unmdpxel TemtépPfplog.

# Ag eAévyioupe via pava 1 (Iovoudplog) yla Vo €XOUWE OIIOTEAEOUA.

filtered = df[df['Join Date'].dt.month == 1]
print(filtered)
print()

# 5.3 dLATpdplLopa pe PBaon nuépa tng epdooud&dac

print("5.3 df[df['Join Date'].dt.day name() .isin(['Monday', 'Friday'])] -
Aeutépa 1) HMoapookeun")

filtered = df[df['Join Date'].dt.day name() .isin(['Monday', 'Friday'l])]

print(filtered)

print ("\n" + "="*80 + "\n")

# ___________________________________________________________________
# 6. ®INTPAPIYMA I'IA KENEZ / MH KENES TIMES

# ___________________________________________________________________

print("6. OINTPAPISMA I'IA KENEY / MH KENES TIMES")
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print("-" * 50)

# 6.1 isna() - Kevég TLpég

print("6.1 df[df['City'].isna ()] - Tpoppéc pe &yvwotn mdAn (NaN)")
filtered = df[df['City'].isna()]

print(filtered)

print ()

# 6.2 notna() - Mn xevég TLuéQ

print("6.2 df[df['Salary'].notna()] - Tpouupéc pe yvootrd pLcobo")
filtered = df[df['Salary'].notna()]

print(filtered)

print("\n" + "="*80 + "\n")
o
# 7. IIPOXQPHMENEX & ENAANNAKTIKES MEGOAOI
o

print("7. I[IPOXQPHMENEY & ENAANAKTIKEX MEGOAOIM)
print("-" * 50)

# 7.1 df.query () - ®LAtpdplopa pe ocupPBolooce Lpd

print("7.1 df.query(\"Age > 25 and Gender == 'Female'\") - Me query")
filtered = df.query("Age > 25 and Gender == 'Female'")

print(filtered)

print()

# 7.2 df.loc[boolean condition, columns] - EILAOVI] CUYKEKPQLPEVOVY OTNADV
print("7.2 df.loc[df['Age'] > 25, ['Name', 'City']] - Mdévo Name kol City

via nAikieg >25")
filtered = df.loc[df['Age'] > 25, ['Name', 'City']]

print(filtered)

print()

# 7.3 df.mask(cond, other) - Aviixkat&otoon TLudv Omou LoXUel OUVONKY
print("7.3 df.mask(df['Age'] $ 2 == 0, -df['Age']) - Apvnt.komo(non nNALKLOV

nou elval &potleg (pévo yia tnv Age)")

# AnuiloupyoUue avilypaeo Yyl Vo pnv IEOMOomo LlNoouue 10 apXLlkd DataFrame
df copy = df.copy()

df copyl['Age'] = df copyl['Age'].mask(df copyl['Age']l % 2 == 0, -
df_copyl['2ge'])

print (df copyl[['Name', '"Age'l]) # Epeavilouue pdévo Name xol Age yLldX
oUVKpP LoD

print ()

print("\n" + n:n*go + n\nn)
print ("TEAOY [IPOT'PAMMATOZ")
K. 3.4.4: Mapadetyua twv Medodwv yia Boolean Indexing & @ktpapioua yia MAaiota Aedougvwv

3.4.5. Ta&wounon & Avadiataln

Mé£6060¢ Nepypadn Ermiotpodn
Tagwvopnon
Tafwopel to DataFrame Pdoel
TWV TWWV pag n mepocodtepwy  df.sort_values(by='HAwkia',  ascending=False)
sort_values() otnAwv. Mapéxet eAéyxo yia tn df.sort _values(by=['Tunua', 'M1o006¢'],
oelpd (avouvoa/dOivouca) kot ascending=[True, False])
™ SLaxELPLON KEVWV TIHWV .
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sort_index()

nlargest()

nsmallest()

Avadiataén
& AN\ayn
Zxfinarog

reset_index()

set_index()

reindex()

melt()

pivot()

pivot_table()

stack()

unstack()

Tawopel 1o DataFrame PBdoel
TWV €TIKETWV Ttou Oeiktn (index)
(VPappES 1) OTNAEG) .

ETLOTPEDEL TIG TIPWTEG N YPAUUEG
LE TIGC MEYOAUTEPEG TIUEG OE LA
otAAn. Elvat mo amodotikd amo
To sort_values().head(n) yia
peyala cUvola SeSopEVWY .
ETLOTPEDEL TIG TIPWTEG N YPAUUEG
ME TIG ULKPOTEPEG TIUEG OE LA
OTAAN .

Emavadépel tov beiktn (index)
OTLG TIPOETUAEYHUEVEG OKEPOLEG
TWeg (0, 1, 2,...). O maAlog Seiktng
TMPOOoTIBeTAL WG OTNHAN, EKTOC Qv
oplotel drop=True..

Oplilel pla umdpyxouoa otHAn wg
oV Selktn (index) TOU
DataFrame.

Mpoocapudlet to DataFrame oe
€V VEO OUVOAO ETIKETWV (yLa
VPOUMEC N otnAeg). Mmopel va
kavet fill n drop Twég ya va
TOlPLAEEL OTO VEO index .
Metatpénel éva DataFrame amo
"wide" (moA\ég otnAeg) oe "long"
format (Alyeg OTNAAEG),
polevovtag TOANEC OTHAEG o€
Cebyn petaBAnTrg-TuAg .
Anuoupyel €vav véo mivaka amo
Ta 6ebopéva, opilovtag Eva VEo
index kot véeg otnAeg (n avtibetn
Aewtoupyla Tou melt) .

Aeltoupyel OmMwg TO pivot, aAld
uropel va ocuvoliocel dedopéva
LE OUVOPTNOEL; ouvdadpolong
(T.x. mean, sum) détav umdpxouv
SUMAGTUTIEG EVYPOdEG .
JupMTUOOoEL (oupmigtel) TO
EMIMed0 TWV OTNAWV OE YPAUES,
petadpépovrtag to DataFrame o€
Lo "pakpUTePn” popdn .
AmAwvel (emektelvel) éva eminmedo
tou Oeiktn (index) oe otnAeg,
petadpépovrtag to DataFrame oe
Lo "m\atutepn” pHopdn
(avtiotpodo tou stack) .

df.sort_index()
df.sort_index(axis=1, ascending=False)

df.nlargest(3, 'Movtol')

df.nsmallest(5, 'HAwia')

df.sort_values('Ovopa').reset_index(drop=True)

df.set_index('ID_MeAatn', inplace=True)

df.reindex(['y', 'B', 'a'])

pd.melt(df, id_vars=['id'],
value_name='twAnoeLg')

var_name='€tog',

df.pivot(index="nuepounvia’,
columns="petapAntn’, values="tun')

pd.pivot_table(df,
index="mteploxn’,
aggfunc="'sum’)

values='twAnaon’,
columns='mtpoiov',

df.stack()

df.unstack()
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MeTtovopdlel €TKETEG OTNAWV N

rename() , df.rename(columns={'old": 'new'})
VPOUUWY .
AvtikaBlota oAOkANpo tov atova

set_axis() (index n otnAeg) pe pla véa Alota.  df.set_axis(['A’, 'B', 'C'], axis=1, inplace=True)

QIO ETIKETEC .
Mivakacg 3.4.7: MéBobot yia taéivounon & avadiaraén yio MAaiowa Aebouévwy

OL p€Bodbdol autég dev dhtpapouv amlwg Tt PAEmoupe, aAAd aldlouv tn Soun, TN OElpd Kal TO
oxnua tou DataFrame yla va yivel KatdAAnAo yLa av@Aucn r omTikomnoinon.

1. Tafwvounon (Sorting)
H tagwvopunon eivat To mpwto Brua yla va evtomnioslg outliers i TAoeLg.
e sort_values(): H o cuvnBiopévn pebodog.

o Tip: Otav tafvopeic moAAég otnAeg, To ascending=[True, False] cou emitpémnel va
Selg m.y. ta TuApata aAdaBnTikd, oAAG Toug HoBolg EVTOC AUTWY Ao ToV
UEYOAUTEPO OTOV UIKPOTEPO.

¢ nlargest() / nsmallest(): Pro tip! Av £xeic éva DataFrame pe 1.000.000 ypappeg kat O povo
TouG 5 Kopudaloug, auTég oL péBodol eivat oAU TILO yPHYOPEC A0 TO VA TAELVOUNOELG
0oAOKANpo Tov Tivaka e sort_values().

2. Awayxeipion Index (Evpetiplo)
O Seiktng (index) eivat n "SievBuvon" kaBe ypappnG.

e set_index(): Xpriolpo otav pia othAn (m.x. ID_MNeAdtn n Huepounvia) eivat povadikr kot B¢
V0L TN XPNOLWOTIOLNOELC Yo ypriyopn avalfitnon pe .loc.

e reset_index(): H "owtnpla" pébodoc. Metd anod ptpdplopa  TaELVOLN O, oL SEIKTEC
ouxva avakatevovtal (m.x. 5, 2, 100). Me to reset_index(drop=True) emavad£pelg T Oslpd
0e0, 1, 2... kat kaBapilelg to DataFrame.

3. AN\ayn Zxnpatog (Reshaping)

ESw ta mpaypota yivovtat eviladépovta. Tuxva to Sedopéva £pxovtal o popdn mou BoAslEeL TV
Kataywplon aAla oxL tnv avaluon.

¢ melt() (Wide to Long): Metatpénel moAAEC O0TAAEG o ypappéc. Qavidoou £vay mivako Omou
KaBe otnAn elvat évag punvag (lav, ®eB, Map). Me 1o melt, 6Aec autég yivovtal pa oTAAN
"Mnvag" kot pa otiAn "Twn".

e pivot() & pivot_table() (Long to Wide): To avtiotpodo tou melt.

o Héwdopad: H pivot_table eival o woxupn ylati unopel va kavel padnpotikég
NPAEELS. Av £XELC TTOAAEG eyypadEG yLa TV 8La npepopnvia, n pivot_table pmopet
va oou BydAel tov péco dpo (mean) ) to @Bpotopa (sum).

e stack() & unstack(): AouAeUouv kuplwg pe Multilndex (mtoAAamAd enineda enikepaiidwv).
o To stack() "ompwyvel" TIG OTAAEC va Yivouv ECWTEPLKO EMIMESO TWV YPAUWV.

o To unstack() "tpaBael" éva eninedo Twv ypAUUWY KAL TO KAVEL OTHAEG.
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4. Metovopacia & Afoveg

e rename(): NoAU gvéAikto. Mmopeig va aAAdgeLg povo pia othin:
df.rename(columns={'maAid_ovopua': 'véo_ovoua'}).

e set_axis(): Mo Spaotikd. AvtikaBLotd OAo Ta OVOUOTO TwV OTNAWVY UE pia véa AloTta Ttou Tou
Slvelg. Xpnolpo otav E£pELC OTL N OELPA TwV OTNAWV £lval cwotr oAAG Ta ovopata gival
okataAoBiotika.

import pandas as pd
import numpy as np

# Anuioupyla €vdC avILTmpoowneUT LkOU DataFrame vioa 1o nopade (yuoto

# ___________________________________________________________________
print ("AHMIOYPI'IA AEITMATOYX DataFrame")

print("-" * 80)

# Apxlxkd DataFrame pe molxLAla dedouévev
data = {

'Tp': [101, 102, 103, 104, 105, 106, 107, 108, 109, 11071,

'Name': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni', 'Dimitris',
'Sofia', 'John', 'Alice', 'Bob'],

'Department': ['Sales', 'IT', 'Sales', 'HR', 'IT', 'Sales', 'HR', 'IT',
'Sales', 'HR'],

'Salary': [50000, 60000, 55000, 65000, 48000, 62000, 51000, 80000,
75000, 700007,

'Years': [2, 5, 3, 8, 1, 6, 4, 10, 7, 91,

'Score': [85, 92, 78, 88, 95, 67, 72, 90, 84, 79]
}
df original = pd.DataFrame (data)
df original['Join Date'] = pd.date range('2018-01-01', periods=10,
freg='Y")
print ("Apx kb6 DataFrame:")
print (df original)
print("\n" + "="*100 + "\n")

# Tla oplopéveg pebddoug OBa xpelacToUue dLoPopeTLlkEC douég, omdte
dnuloupyoUue aviiypaea 1 véa DataFrames.

# 1. TAEINOMHZH (SORTING)

print("1. TAEINOMHEH (SORTING)")
print("=" * 60)

# 1.1 sort values() - Tafivéunon B&coel TLPOV CTNAGV

print("\nl.1l sort values() - Tafivounon xatd MLocd ¢6(lvouoa™)

df sorted salary = df original.sort values(by='Salary', ascending=False)
print (df sorted salary[['Name', 'Salary'll])

print()

print("1.1 sort values() - Tafivéunon xotd Tunuo (avtfouoa) kol MLcBo
(O ivouoa) ")

df sorted multi = df original.sort values(by=['Department', 'Salary'l],
ascending=[True, False])

print (df sorted multi[['Name', 'Department', 'Salary'll)

print ()

# 1.2 sort index() - Tafivépnon Ré&oel delxtn
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print("\nl.2 sort index() - Tafivéunon B&cel deilktn (mpoemiAoyrn avfouca)")
# AvoxkateUoupe 1o DataFrame ylia va éxoupe un tafilvounuévo index

df shuffled = df original.sample(frac=1,

random state=42) .reset index(drop=True)

print ("Avoxatepévo DataFrame (tuyxaloa ceipd) :")

print (df shuffled.head())

df sorted index = df shuffled.sort index()

print ("Met& omd sort index() :")

print(df sorted index.head())

print()

print ("sort index () - ®0ivouoca tafLvounon Kol KAtd PNKog oTtnAdv (axis=1)")

# AnuiloupyoUue éva pLxpd DataFrame pe otnAeg €X1OC oAQAPNT LKAC O€ LPACQ
df cols = pd.DataFrame({'B': [1, 2], 'A': [3, 4], 'C': [5, 6]1})
print("IIptv:")

print (df cols)

df cols sorted = df cols.sort index(axis=1l, ascending=False)

print ("Met& omd sort index (axis=1, ascending=False) :")
print(df cols sorted)

print()

# 1.3 nlargest() - OL peyoaAUtepeg TLUEC

print("\nl.3 nlargest (3, 'Score') - 3 uynAdtepec PBadbuoroyieg")

df largest = df original.nlargest(3, 'Score')
print (df largest[['Name', 'Score']l)

print()
# 1.4 nsmallest() — OL uLxkpdrepeqg TLUEQ
print("\nl.4 nsmallest (2, 'Years') - 2 xaunidétepa xpdvia mpolUnnpeciag™)

df smallest = df original.nsmallest(2, 'Years')
print (df smallest[['Name', 'Years'l])
print("\n" + n:n*loo + H\nll)

# 2. ANAATIATAEH & ANNATH ZXHMATOY (RESHAPING & REARRANGING)

print("2. ANAATIATAEH & ANNATH SXHMATOZ")
print("=" * 60)

# 2.1 reset index() - Emovagopd delkin

print("\n2.1 reset index() - Emavoagop& deixtn")

# AnuiloupyoUue DataFrame pe oplopévo index

df with index = df original.set index('ID'")
print("DataFrame pe index = ID:")
print(df with index.head())

df reset = df with index.reset index()

print ("Met& omd reset index () :")

print (df reset.head())

print ("reset index (drop=True) - Xwplic dlatfpnon maAloU index")
df reset drop = df with index.reset index(drop=True)
print(df reset drop.head())

print()
# 2.2 set _index() - Opiloudc otnAng wg index
print("\n2.2 set index() - Oploudg othAnc 'Name' wc index")

df set = df original.set index('Name')
print (df set.head())

print ()
# 2.3 reindex () - Ipoocapuoyr o€ VEEQ €T LKETEQ
print("\n2.3 reindex () - Néo eupetfhplo ypoupdv'")
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df reindex = df original.set index('ID').reindex([101, 103, 105, 107, 109,
9991)

print(df reindex[['Name', 'Salary'l]) # 999 dev undpxet, Oa éxeL NaN
print()

print ("reindex () pe £ill value")

df reindex filled = df original.set index('ID'").reindex([101, 103, 105,
107, 109, 9991, £fill value=0)

print(df reindex filled[['Name', 'Salary'll)

print()
# 2.4 melt() - Metatponn amd wide oe long
print("\n2.4 melt() - Wide oe long format")

# AnuioupyoUue éva wide DataFrame pe nwAnocelc avd €tog
wide df = pd.DataFrame ({
'id': [1, 2, 31,
'name': [vAv, va, 'C'],
'2020 sales': [100, 200, 3007,
'2021 sales': [150, 250, 350],
'2022 sales': [200, 300, 400]
}
print("Wide DataFrame:")
print(wide df)
melted = pd.melt(wide df, id vars=['id', 'name'], var name='year',
value name='sales')

print ("Met& ond melt () - Long format:")

print (melted)

print()

# 2.5 pivot() - Aviiotpopo Tou melt (long to wide)
print("\n2.5 pivot () - Long oe wide format (ovilotpopo melt)")

pivoted = melted.pivot (index=['id', 'name'], columns='year',
values='sales') .reset index()

print ("Met& ond pivot () - Emitotpopn oe wide (pe multiindex oTtnidov) : ")
print(pivoted)

# T'la va yivel émwg 1o apxlkd, (owc xpeiLaoctel rename oTNAOV
pivoted.columns.name = None # Agpaipeon ovépatog oamd columns

print (pivoted)

print()

# 2.6 pivot table() - Zuvontikéc mivaxag pe ouvaBpolLorn

print("\n2.6 pivot table() - Suvontixdg mivoxag pe péco pLobd oavd Tphpa")

# AnuiloupyoUue DataFrame pe dLmASTUNG VIX v oavel n ouvdBpolon
dup data = {
'Dept': ['Sales', 'Sales', 'IT', 'IT', 'HR', 'HR', 'Sales'l],
'Emp': ['A" 'B'I 'C'I 'D'I 'E'I 'F'I 'G']I
'Salary': [50000, 55000, 60000, 62000, 65000, 63000, 58000]
}
df dup = pd.DataFrame (dup data)
print ("Aedopéva pe dimAdtuno Dept:")
print (df dup)
pt = pd.pivot table(df dup, values='Salary', index='Dept', aggfunc='mean')
print ("pivot table - Méococ pLobd¢ avé Dept:")

print (pt)

print ()

# 2.7 stack() - Zupnieon oTnAdv Oe YPUUUEQ
print("\n2.7 stack() - Supnieon emnitmédou oTnAdv")

# AnuioupyoUue DataFrame pe MultiIndex otLg oOThAeq
cols = pd.MultiIndex.from tuples([('Math', 'Score'), ('Math', 'Grade'),
('Science', 'Score'), ('Science', 'Grade')])
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df stack = pd.DataFrame (np.random.randint (50, 100, size=(3, 4)),
columns=cols, index=['Studentl', 'Student2', 'Student3'])
print("DataFrame pe MultiIndex otic otnieg:")

print(df stack)

stacked = df stack.stack()

print("Met& omd stack() (oL othAeg yivovial index) :")
print (stacked)

print()

# 2.8 unstack() - Aviiotpopo TOU stack

print("\n2.8 unstack() - Enéktoaon index oe otnieg")
unstacked = stacked.unstack()

print ("Met& ond unstack() (emiLoTpo@n oOto apxLlkd oxhupa) :")
print (unstacked)

print()

# 2.9 rename () - Metovoupaoio otnddv 1 index

print("\n2.9 rename () - MeTtovouaoia oTnAdv")

df renamed = df original.rename (columns={'Name': 'Employee', 'Salary':

'AnnualSalary'})
print(df renamed.head())

print()
# 2.10 set _axis() - AvILKRAT&OTOOnN OAOKANEou &fova
print("\n2.10 set axis() - AVILKATAOTOOIN E£TLKETOV OTNAGV")

df axis = df original.copy()

new columns = ['ID', 'EMPLOYEE', 'DEPT', 'SALARY', 'YEARS', 'SCORE',
'JOIN DATE']

# ALOpBwon: eite pe set axis kol avdbeon, elte ameubelac pe columns
df axis.columns = new columns

print("DataFrame pe véec €TLKETEC OTNAOV:")

print(df axis.head())

print()

print("\n" + n:n*loo + H\nll)
print ("TEAOY [IPOT'PAMMATOZ")
K. 3.4.5: Mapadetyua yio tig uedodoug taévounon & avadiataén twv MAatoiwv AsdSouévwv

3.4.6. Emetepyaoio NaN Tipwy

M£6060¢ Nepwypadn Napadslypo
Avixveuon &
MAnpoddpnon
import pandas as pd
import numpy as np

Emotpédel éva véo DataFrame pe boolean
TIHEC (True/False), omou True utoSnAwvel TNV

isna() (nisnull())  Umapén eMetmouvoag tung (NaN r None) oto
avtiotolyo KeAl. Eival To mpwto Brpa ylo tov
EVIOTILOMO TWV KEVWY SES0UEVWY .

df = pd.DataFrame({'A": [1,
np.nan, 3], '‘B": [4, 5, np.nan]})
print(df.isna())

#AB

# 0 False False

# 1 True False

# 2 False True

Awypadn
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dropna()

ZupnAnpwon

fillna()

ffill() (forward
fill)

bfill() (backward
fill)

Awaypadel ypappeg (axis=0) n otnAeg (axis=1)
Tou TIEPLEXOUV TULEC NaN. H
mapapeTpog how kabopilel av Ba Slaypadouv
oclpeg ue omotodnmote (any) NaN 1 povo
av 6Aa (all) ta otowyeia eivat NaN. Me tnv
TaPAUETPO subset pmopeite va  eAéytete
OUYKEKPLUEVEG OTNAEC .

AvTIKaBLoTA TG TLHEG NaN e Lol GUYKEKPLUEVN
TIUA A HE PO TIUA TIOU TIPOKUTITEL QO LA
pnEBodo. Mrmopel va cuPMANpwoeL pPe otabepn
T (.. 0, "Ayvwoto"), UE OTATLOTIKO HETPO
(uéoog Opog, dlapecog) N He xprion peBodou
yeltvioong .

JupmAnpwvel ta NaN pe tnv mponyoUUevn
£€yKUPN TN KATA HAKOG TwV ypappwy (axis=0)
N otAwv (axis=1). Eivatr e€elSikeupévn
pnEBobog tou fillna(method='ffill') .

JupmAnpwvel ta NaN pe tnv emousvn €ykupn
TLUA. Elvat e€eldilkevévn péBodog
tou fillna(method="bfill') .

# Aaypadn yPaHHWY pE
TouAdylotov €éva NaN

df clean = df.dropna()
print(df_clean)

#AB

#01.04.0

# Alaypadn ypaupwy Hovo av
n otnAn 'A' €xet NaN

df _clean_sub =
df.dropna(subset=['A'])
print(df_clean_sub)

#AB

#01.04.0

#2 3.0 NaN

# SuumAnpwon 6Awv twv NaN
peto 0

df_filled = dffillna(0)
print(df_filled)

#AB

#01.04.0

#10.05.0

#23.00.0

# JUUTTANPWON LLE TO LECO OPO
™G oTHANG

df['A'] fillna(df['A'].mean(),
inplace=True)

# MpowBNTIKA CUUTARPWON
(mpog Ta kaTw)

df_ffill = df.ffill()

print(df_ffill)

#AB

#01.04.0

#11.05.0 (to NaN otn A €ywve
1.0)

#23.05.0 (to NaN otn B éylve
5.0)

# OmioBoXwpPNTIKN
CUUTANPWON (TTPOg Ta AVW)
df_bfill = df.bfill()
print(df_bfill)

#AB

#01.04.0

#13.05.0 (to NaN otn A €ywve
3.0 amod TNV EMOUEVN YPAULN)
#2 3.0 NaN (to NaN otn B
TIAPAUEVEL OV SEV UTTAPXEL
EMOUEVN TIUN)
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# Tpappkn mopepBoAn
df_interp = df.interpolate()
print(df_interp)

#AB

#01.04.0

#12.05.0 (to NaN otn A €ywve
2.0, w¢ o péoog tou 1.0 Kalt
3.0)

# 2 3.0 NaN (n mapeppoAn otn
B 6ev umopel va yivel yia to

televtalo otolyeio)
Mivakag 3.4.8: Médobot yia eneéepyacio NaN tipwv yia Miaiowa Asdouévwv

Mpayuatomolel mapepPoAn (interpolation) yia
TNV EKTINON Kot cUPTARPWon Twv NaN TLuwv.
Xpnolpomolet  Siadopeg peBOdouC  OTWC
vpoppkn  (linear), moAuwvuuikn,  K.ATL,
AopBavovtag  umoyn TV TACON  TWV
SebOUEVWY .

interpolate()

1. Avixveuon: Nou eival ta KeVQ;
Mpwv Sl1opBwaoELg, TIPEMEL VO LETPNOELG.
e isna(): MNapolo mou entotpedel évav mivaka amno True/False, onavia tov Stafdalou e £tol.

Pro Tip: ZuvnBwg xpnotpornotovpe to df.isna().sum(). Autd cou Sivel auEéowe Tov apLlOo TWV KEVWV
TIHWV ava otnAn, Ponbwvrag os va anodaocioelg av pla otiAn elval "dxpnotn" (m.x. av Asinel to
90% twv dedopévwy).

2. Awaypadn: H Avon tng "okoumnag"
H dropna() sivat n ro ypriyopn AUon, aAAd BEAeL Tpoooxn yLa val LN XAoeLg TIOAUTLUN TAnpodopia.

e subset: Eival n o aodpaing mapapetpoc. Avti va Staypaelg o oAOKANPN YPOUUN EMELSN
Aeinel pla deutepevovaa mAnpodopia, tn Slaypddelg povo av Aeinel éva "{wTikd" otolyeio
(m.x. subset=['"Email']).

¢ how="all": oAU xpriowo OTav €XELG EVIEAWC KEVEG YPOAUUES OTO TENOG EVOC apxeiou Excel.
3. ZuunmAnpwon: H téxvn tou Imputation
Av Sev BéAelg va Slaypaelg Sebopéva, TpEMeL va T "HAVTEPELS" R VO TA VTLKOTOOTHOELG.

¢ fillna() pe otatiotikd: H xprion tou pécou 6pou (mean()) 1 tng dtapécou (median()) eival n
KAQLOLKI OTATLOTLKI TTPOGEYYLON.

o ffill() (Forward Fill): Zxépou éva apxeio Excel 6mou 1o dvopa pLog etalpeiag ypadetal povo
OTNV TIPWTN VPO KAl Ol ETOUEVEG €lval KEVEG HEXPL va aAlagel n etalpeia. To ffill
"ompwyvel" TNV TLUA TIPOC TA KATW YL VA YELLOEL TOL KEVA.

o bfill() (Backward Fill): To avtiotpodo. Xpriowo dtav n emopuevn T gival autr mou opilel
To MAaiaoto.

4. Interpolate: H "é§unvn" cupunAfnpwon

H interpolate() 6ev Balel amAwg pia otabepn T, aAd npoonabel va kataAdBel Tn Stadpour Twv
Sebouévwv.

o [popukn NoapepuPolrn: Av €xelg Tig Tinég 10 (otn ypapun 1) kot 20 (otn ypauun 3), To
interpolate() 8a PBdAst 15 otn ypappn 2. Elvat daviko yia xpovooelpeg (time-series) n
Sebopéva aobntpwy 6mou ot THEG aAAAloUV OTASLOKA.
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import pandas as pd
import numpy as np

# ___________________________________________________________________
# Anpioupyla DataFrame pe eAAimei{c TLpéc (NaN)

# ___________________________________________________________________
print ("AHMIOYPI'IA AEITMATOX DataFrame ME NaN")

print("-" * 60)

# AnuiloupyoUue éva pLxpd DataFrame pe okémiua tomoBetnuéva NaN
df = pd.DataFrame ({

'A': [1, np.nan, 3, 4, np.nan],

'B': [4, 5, np.nan, 7, 81,

'C': [np.nan, 2, 3, np.nan, 5],

'D': [10, 11, 12, 13, 14]
}, index=['row0', 'rowl', 'row2', 'row3', 'rowid'])

print ("Apx k6 DataFrame (pe NaN) :")

print (df)

print("\n" + H:H*8O + n\nn)

F e —_—
# 1. ANIXNEYZH & IAHPO®OPHZH - isna() / isnull ()

# ___________________________________________________________________

print("1. ANIXNEYSH EAAEIINOYSQN TIMQN")
print("-" * 60)

# 1.1 isna() - Enmitotpépel True vyl KEVEC TLREC

print("1.1 isna() - Boolean mivaxkoac pe True omou umdpyxel NaN:")
print(df.isna())

print()

# 1.2 isnull() - AxplLPBOC 10 (dL0 pe isna() (ocuvdvupo)
print("1.2 isnull() - TIdLo amotéAecopa:")

print(df.isnull())

print()

# 1.3 Suvontiky eilxd4va - sum() yvix aplBud NaN avd oThAn

print("1.3 IIARBoc NaN av& othAan:")
print(df.isna() .sum())
print()

# 1.4 ZGvoAo NaN oto DataFrame
print("1.4 SuvoALxd nAnbog NaN cto DataFrame:")
print(df.isna () .sum() .sum())

Print("\n" + ll:ll*80 + H\nll)

# ___________________________________________________________________
# 2. AIATPA®H - dropna ()

# ___________________________________________________________________

print("2. AIATPA®H T'PAMMON/STHAQN ME NaN")
print("-" * 60)

# 2.1 Alaypoen YPOuR®OV moU mepléyxouv omolodnmote NaN (mpoemidoyrh axis=0,
how="any")

print("2.1 dropna () - ALaypael ypappdv pe TouddyxLotov &va NaN:")

df drop any = df.dropna()

print (df drop any)

print ()
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# 2.2 Alaypoen yvpoopudv pdévo av ONA Tta otolyxela e€lval NaN (how='all'")
print("2.2 dropna (how='all') - Alaypael pdéVOo ypapu®dv mou €{vol €& OAOKANQOU
NaN:")

# AnuloupyoUue pla ypouun pe O6Aa NaN

df with all nan = pd.DataFrame ({

'A': [1, np.nan, np.nan],
'B': [2, np.nan, np.nan],
'C': [3, np.nan, np.nan]

}, index=["'r1", 'r2', 'r3'])

print("IIptv:")

print(df with all nan)

df drop all = df with all nan.dropna(how='all')
print ("Meta: ")

print (df drop all)

print()

# 2.3 Altaypoen otnAdv mou mepléxouv NaN (axis=1)

print("2.3 dropna (axis=1l) - AiLaypo@) OTNAOV Pe TOUAAXLOTOV éva NaN:")
df drop cols = df.dropna(axis=1)

print (df drop cols)

print()

# 2.4 Altaypoen ypappdv pe NaN pdbvo o OUVKekpluéveg otnAec (subset)
print("2.4 dropna (subset=['A', 'B']) - Ailaypoen ypoupdv pdévo ov undpxel NaN
OoTlLC oTnAec A 3 B:")

df drop_ subset = df.dropna(subset=['A', 'B'])

print(df drop subset)

print("\n" + ll:ll*8o + n\nn)

F e —_—
# 3. LYMINHPQEH - fillna()

# ___________________________________________________________________
print("3. SYMIAHPQSH ME STAGEPH TIMH")

print("-" * 60)

# 3.1 SupnmAnpwon 6Awv twv NaN pe otabepn tTipn (m.x. 0)
print("3.1 fillna (0) - ZupnAfnpwon O6Awv Twv NaN upe 0:")
df fill zero = df.fillna(0)

print(df fill zero)

print()

# 3.2 IJupnAnpwon pe otabepn TLpn oavd otnAn (m.x. dictionary)

print("3.2 fillna({'A': -1, 'B': -2, 'C': -3}) - AL0QOPETLKEC TLPEC av&
oThHAn:")

df fill dict = df.fillna({'A': -1, 'B': -2, 'C': =3})
print(df fill dict)

print()

# 3.3 ZupnAnpwon pe otatloTLkO pétpo (péocog 6pog OTHANG)

print("3.3 IupnAfpwon tng othAng 'A' pe 1tov péco 6po Ing (mpoooxn: dev
vivetal inplace €d®):")

df fill mean = df.copy()

df fill mean['A'] = df fill mean['A'].fillna(df fill mean['A'].mean())
print(df fill mean)

print ()

# 3.4 inplace=True (mpocoxn: Tpomomolel To apxlkd DataFrame)
print("3.4 fillna (inplace=True) - Hoap&delypo pe inplace (tpomomolLel TO
apxLxo) : ")

df inplace = df.copy()
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df inplace.fillna(99, inplace=True)
print (df inplace)

print("\n" + "="*80 + "\n")

# ___________________________________________________________________
# 4. MPOQOHTIKH SYMIIAHPQXH - f££fi1l1 ()

# ___________________________________________________________________

print("4. IIPOQOHTIKH SYMIAHPQSH (FORWARD FILL)")
print("-" * 60)

# 4.1 ££fi11() - SupnAnpwon pe Tnv OponyoUpevn éykKUPEn TLluh (Ipog To KATW®)
print("4.1 ffill () - HpowOBnTLlK OCUUDANPWON KAT& PAKOC ypoupdv:")

df £fill = df.££1i11()

print(df ffill)

print()
# 4.2 ££fill (axis=1) - MpowbBNT LK CUPIANPWON KAT& UAKOC OTNAOV (0pLloVvT L)
print("4.2 ffill (axis=1) - OpLldé6vTia mPowbdnNT LK cupnAnpwon:")

df £fill horiz = df.ffill(axis=1)
print(df ffill horiz)

print("\n" + ":"*80 + H\nll)

B
# 5. OIIISOOXQPHTIKH SYMIAHPQSH - bfill()

# ___________________________________________________________________
print("5. OIIXOOXQPHTIKH IYMIAHPQYH (BACKWARD FILL)")

print("-" * 60)

# 5.1 bfill() - JupnAfpwon ue Tnv enduevn €ykupn TLlun (mpog Ta TAVW)
print("5.1 bfill () - OmicBoxwpEnt KN oUpnmAnpwon:")

df bfill = df.bfill()
print(df bfill)

print()
# 5.2 bfill (axis=1) - OplLlb6VTI L OomLOBOXWENT LK CUUIANPWOD
print("5.2 bfill (axis=1) - OpLlévtLla omLoBoxwENT LK oupnAnpwon:")

df bfill horiz = df.bfill (axis=1)
print(df bfill horiz)

Print(ll\nll + ll:ll*80 + H\n'l)

# ___________________________________________________________________
# 6. IIAPEMBOANH - interpolate ()

B
print("6. IIAPEMBOANH (INTERPOLATION) ")

print("-" * 60)

# 6.1 Tpopplxy napepPfoArn (linear) - mpoemiAoyih

print("6.1 interpolate() - T'papplxlf noapeufoAr (mpoemiioyn) : ")

df interp linear = df.interpolate()
print(df interp linear)
print()

# 6.2 TopeuPBoAn pe mepLoplopd oTnv KateUBuvon (m.x. pdévo mpog Ta eunpdg)
print("6.2 interpolate(limit direction='forward') - Mévo mpo¢ tTa epmpdg:")
df interp forward = df.interpolate(limit direction='forward'")

print (df interp forward)

print ()

# 6.3 TopeuPoAn pe GAAnR péBodo (Im.¥. MOAUMVUULKD, amaltel eyKaTAOTOON
scipy)
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# HpoatlpeTtr&: ov BéAete vo dokludoete polynomial 1§ spline, xpel&letal

scipy.

# EOG@ TO a@ivoupe OXOALAOUEVO VIO amoeuyl €fapThocwv.

# print ("6.3 interpolate (method="'polynomial',

nopeufoAn 20U Poabuovd:")

order=2) - IOAUWVUU LK

# df interp poly = df.interpolate (method='polynomial', order=2)

# print (df interp poly)
print ("\n" + "="%80 + "\n")

print("7. ZYTKENTPQTIKH EIMNISKOIHZH")
print("-" * 60)

print ("Apx1xd DataFrame (yLa uvmevOUuion) :")

print (df)

print("\n--- isna() ---")
print(df.isna())

print ("\n--- dropna() ---")
print (df.dropna())

print("\n--- fillna (0) ---")
print(df.fillna(0))

print ("\n--- ffill() ---")
print (df.f£ill())

print("\n--- bfill() ---")
print (df .bfill())

print("\n--- interpolate() ---")
print (df.interpolate())

print("\n" + "="*80 + H\nll)
print ("TENOYX I[POI'PAMMATOZ")

K. 3.4.6: Mapadetyua yia ti¢ uedodoug eneéepyaoiog NaN tiuwv twv MAatoiwv Aedouévwv

3.4.7. Metaoxnuatiopot TUTwv & Tiuwv

Mé£Bodog Nepypadn
Metatpénel Tov TUTO OebOUEVWV  HLaG
s OoTNANG 1N oAOKAnpou TOU

DataFrame.

pd.to_numeric()

convert_dtypes()

Mmopeic va oploslg SladopeTikd TUTIO yla
KaBe otnAn XpnoluomoLwvTag éva Ae€LKO .
MetatpEmnel éva oplopa (.., po otnAn) os
oplOuntikd tumo. Elval To eUéALKTO amo
to astype() ytoatt  pmopel  va  Xelplotel
odDAALATO, LETATPEMOVTAC LN EYKUPEG TLUEC
oe NaN (ue errors='coerce') kal va HELWOEL
TNV KOTAVAAWON UVAUNG .

METOTPEMEL QUTOMATO TIG OTAAEG OTOV
BéAtioto tuTo Sebouévwy TTou UTtooTNPIlEL N
Pandas yla missing values, xpnotluomolwvtag
™mv E0WTEPLKNA
vrmodoun Nullable (m.x., Int64, string) .

Napddeypa
df['nAwkia'] =
df['nAwia'].astype(int)
df = df.astype({'Ooc": float,
'ovopua': 'category'})
dff'tiun'] =
pd.to_numeric(df['tyun'],
errors='coerce')
df['elc6énua'] =
pd.to_numeric(df['elcodnua’'],
downcast="float')

df converted =
df.convert_dtypes()

223



infer_objects()

map()

replace()

where()

mask()

transform()

apply()

applymap()

fillna()

loc[] pe ZuvOnkn

MpoomaBel va BEATIOTOMOLROEL TOUG TUTTOUG
6ebopévwv oe otnAeg TUTOU object (ou
OUXVQ TIEPLEXOUV UIKTEG N HUN-BEATIOTEG

popdEG), HUETATPEMOVIAG TEC OE  TO
OUYKEKPLUEVOUC TUTIOUG
(m.x., int, float, datetime) omou elval
duvatov .

XPNOLUOTIOLELTAL VLA VO OVTLKATAOTAOEL KABE
TR o ula Series (otAAn) pe Pdaon U
avtiotoiyion (Ae€ko) r pa cuvaptnon. Aev
Aettoupyel amnesuBeiag os DataFrame .

AVTIKOOLOTA OUYKEKPLUEVEG TIUEG O €va
DataFrame 1 Series pe AA\eg TLuég. Mmopet
va SOUAEPEL PUE LEUOVWUEVEG TLUEG, ALOTEG 1)
Ae€ika .

AlaTnpel TIC apXLKEG TLUEG OTIOU HLa cuVORKN
elvat True, oAAMlwG TG avTIKOOLOTA HE HLa
AGAAN Twun (mpoemloyn NaN) .

To avtiBeto tou where(). Avtikablotd TIG
TLUEG OTtoU pia ouvenkn sivat True .

Edapudlel pla ouvaptnon os KABe T Tou
DataFrame, emiotpedoviag €va  VEO
DataFrame pe tov (610 QplOUO YPOUMWV.
Mmopel va edappdoel TOANEG GUVOPTHOELS
TOUTOXPOVA .

Edapuolel pla ocuvaptnon Kotd KRKOG €VOg
afova (otnAeg 1 ypappég) tou DataFrame.
Eivat mo yevikd amd to transform() ko
uropel va  emotpéPel  pla  SladopeTiki
Hopor) .
Edappotel
MEUOVWUEVO
(element-wise) .

AvtikaOlotd T TWéG mou Asimouv (NaN /
NA) LE L0 CUYKEKPLUEVN TWUA A HE ML
uéBobo yepioparog (m.x., mpowbnon TG
Televutaiag yvwotng TLUNG) .

ouvaptnon ot KABe
tou DataFrame

pLa
otolxelo

H xpnon tou loc ye plo boolean cuvOnkn
glval évog moAl ocuvnBLopEvog Kol LoXupOg
TPOTMOG  ylo  QVTLKATOOTAON TIHWV  UTO
ouvenkn .

K. 3.4.7: Mapadetyua yia tig pedodous NaN tiuwv yia MAaiota Aedopuévwy

df_inferred = df.infer_objects()

df['¢pUAo'] =
df['duAo'].map({'female":
'male": 0
df['tetpaywvo']
df['apBuog'].map(lambda X:
x**2)

—
~— ~

100)
pd.NA,

df.replace(O,
df.replace({'NA":
'unknown': None})

df.where(df >= 0, 0)
AVTIKAOTA OAEC TIC QPVNTIKEG
TIUEC ue 0.

df.mask(df < 0, 0)
*Kavel akplpwg to 610 pe TO
TAPATIAVW

napadsypa where() -
QVTIKOOLOTA TIC OPVNTLKEG TUUEC
pe 0.*

df.transform(lambda x: x * 100)
df.transform([np.sqrt, np.exp])
df.apply(sum)

Adpotoua kade atrnAng.

df.applymap(lambda x: f"{x:.2f}")

Mop@orolei OAe¢ als
oPLIUNTIKEG TUUEC UE 2 SEKASIKA.
df.fillna(0)

df.fillna(method='ffill')

leuilel ta keva mpowdwvrag tnv
TIPONYOUUEVN TIUI).
df.loc[df['nAtkia'] > 60,
'katnyoplo_nAwiag'] = 'Senior'
2e ooouc é€xouv nAwia >60,
opilet tnv TR TG OTAANG
'katnyopio_nAwkiag' o€ ‘Senior'.
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Ie autn v evotnta e€etdalouvpe tn Metapdpdpwon Asdopévwy (Data Transformation). ESw eivat
TIOU UETOTPETOUE TIC OKATEPYOOTEG TIANPOPOpPIeC o pLa Lopdr] ETOLUN Yo LOBNUATIKA LOVTEAQ 1)
OTATLOTIKN avaAuon.

1. Awaxeipion Tonwv Aedopévwv (Dtypes)
H owotn enthoyr) tumou Sedopévwy gival KploLun yla tn KvAn Kal tThv opBn ektéAeon Twv mMpagswv.
e astype() vs pd.to_numeric():

o H astype() eivat avotnpr. Av mpoomnabnoelg va petatpéPelg tn otnAn ['1', 2,
'\dBoc'] ot integer, Ba kpaocdapeL.

o H pd.to_numeric() slvat n "é€unvn" evaAAaktikr). Me To errors='coerce', LETATPEMEL
1o 'AdBoc¢' oe NaN, EMITPEMOVTAG GOU VA CUVEXLOELG TN SOUAELA 00U Xwpig SLOKOTIEG.

e convert_dtypes(): Elorxbn nmpoodata otnv Pandas yla va Avoet to mpdPAnua twv "Nullable
Integers". Mapadoolakd, av pla oThAN akepaiwy ixe £otw Kal €éva Kevo (NaN), n Pandas tn
petétpene oe float. H convert_dtypes() emitpmnet ) dlatipnon Twv akepaiwv akopa Kol Je
KEVA.

2. Avtikatdaotaon & Xaptoypdadnon

e map(): 16aviko yla kwdikomoinon katnyoplkwy dedopévwy (m.x. petatponn "Nal"/"Oxl" os
1/0). Aettoupyel poévo oe Series.

e replace(): Mo cuélikto amd To Map, KABWE UMOPELG VA AVIIKATAOTAOELC CUYKEKPLUEVEG
TIUEG o€ OAOKANPO To DataFrame xwplc va eEMNPeACELG TIG UTIOAOLTIEC.

¢ where() & mask(): AsttoupyoUv cav to "IF" tou Excel.
o where(ouvBnkn, Twun): Kpdta tTnv TR av LoxUEeL n ouvonkn, aAALWS GANAEE Tnv.
o mask(ouvonkn, Tiun): AAage tnv TLUR av LoXUVEL n cuvONKN.
3. H"Tpuada" twv Functions: apply, transform, applymap
ESw ouyva prmepdevovral ot xpAoteg. Ac SoUpe tn Stadopd Toug:

1. apply(): Aetoupyel ava afova. Mmopel va Ttdpet pia otHAn Kot va TV emotpéPel we pia
MOVO TN (m.x. sum).

2. transform(): Mpémnel mavta va eTOTPEDEL EVO ATOTEAECHA LLE TO {610 MAKOG OTIWG TO OPXLKO.
Eivat e€aipetikd yla normalization (m.x. va Staipéoelg k&Be Ty Ue To cUVOAO TNG OTAANG

™ng).

3. applymap() (otig vedtepeg ekSOOELG LETOVOUAOTNKE 0 map yla DataFrames): Epapuolel T
ouvaptnon oe KAaBe KeAi Eexwplotd. Xprowo yla popdomnoinon (m.x. mpoodrkn tou
cuppolou "€" o KABe aplOUO).

4. Anpovpyia ZTnAwV UM TUVORKN

e df.loc[ouvOnkn, 'véa_otAAn'] = "un': Autog sival o mo aodalng kat "Pandas-friendly"
TPOTOG va SNULOUPYNOELG La vE OTHAN Baoclopévn oe kpltrpla. Elval taxUtepog Kal Tio
£UAVAYVWOTOC Ao To va xpnotpomnoleic apply pe if-else cuvaptioslc.

import pandas as pd
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import numpy as np

# Anuioupyla delypatog DataFrame pe motlkiAlo TUDGY KAL TLPQV

print ("AHMIOYPI'IA AEITMATOX DataFrame")

print("-" * 60)
data = {
'Name': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni'],
'Age': ['25', '30', '28', '35', '22'], # apx k& w¢ string

'"Height': [1.65, 1.80, 1.70, 1.75, 1.68],
'Salary': [50000, 60000, None, 65000, 48000], # None (NaN)
'Department': ['Sales', 'IT', 'Sales', 'HR', 'IT'],
'Join Date': ['2020-01-15', '2019-03-20', '2021-07-01', '2018-11-05',
12022-02-10"'],
'Score': [85, 92, 78, 88, 95],
'Is FullTime': ['yes', 'no', 'yes', 'yes', 'no']
}
df = pd.DataFrame (data)
print ("Apx 1 x6 DataFrame:")
print (df)
print ("\nlIAnpopoplieg tUnwv:")
print (df.dtypes)

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________
# 1. astype() - Metatpomn: TUNoOU JOedOUEVOV

B o
print("1l. astype() - Metatponn tUmou dedopévav'")

print("-" * 60)

# Metatponl) plLac othAng and string oe int
df['Age'] = df['Age'].astype(int)

print("Met& ond astype (int) otn othAn 'Age':")
print(df[['Name', 'Age']].head())

print()

# Metatpom) MOAADYV OTNAOVY pe Agf Lk

df = df.astype({'Height': 'float32', 'Is FullTime': 'category'})

print ("Met& omd astype ({'Height': 'float32', 'Is FullTime': 'category'}):")
print (df.dtypes)

print("\n" + ":"*100 + H\nll)

# ___________________________________________________________________

# 2. pd.to numeric() - Metatpomnf ot aplOUNTLKO TUNO HE XEeLPLOPO OCPUAPATWV
# ___________________________________________________________________
print("2. pd.to numeric() - EUEALKIN petatpomnl) o opLBud")

print("-" * 60)

# AnuloupyoUue pla OTHAN HE OAVAUE LKTIEC TLUEQ
df['Temp'] = ['35.5', '40.2', 'abc', '38.0', '37.5']
print("ItHAn 'Temp' mpiLv:")

print(df['Temp'])

# Metatponn pe errors='coerce' (oL un €ykupeg yivovtal NaN)
df['Temp'] = pd.to numeric(df['Temp'], errors='coerce')
print ("Met& ond pd.to numeric (errors='coerce') :")
print(df['Temp'])

print ()
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# Xpnon downcast ylia gfolxovounon PvAHUNg

df['Salary']l] = pd.to _numeric(df['Salary'], downcast='float')
print("Met& ond downcast='float' otn otnAn 'Salary':")
print(df['Salary'])

print("\n" + "="*100 + "\n")

# 3. convert dtypes () - Autdpatn petatpont) ce BEéATLotoug nullable tUmoug

print("3. convert dtypes() - Auvtdupatn BeAriotomoinon tUnwv")
print("-" * 60)

df converted = df.convert dtypes/()

print ("TUnoL petd& omd convert dtypes():")

print (df converted.dtypes)

Print("\l’l" + n:n*loo + ll\nll)

# ___________________________________________________________________
# 4. infer objects() - BeAticotomnoinon otnAdv 10mou object

# ___________________________________________________________________
print("4. infer objects () - Zupmepacudc KoAUtepwv TUNOV yio object")
print("-" * 60)

# AnuiloupyoUue éva DataFrame pe otnAeg object

df obj = pd.DataFrame({'A': ['1', '2', '3"'], 'B': [1.5, 2.5, 3.51},
dtype='object'")

print ("llpLtv infer objects():")

print(df obj.dtypes)

df inferred = df obj.infer objects()

print ("Met& infer objects():")

print (df inferred.dtypes)

Print(u\nu + ll:ll*loo + n\nn)

# ___________________________________________________________________
# 5. map() - AvilxratdoTaon TLUOV ot Series upe AgfLlkd N ouvAdpInon

# ___________________________________________________________________
print("5. map() - AvtiLotolxLlon TLpdV ce othAn")

print("-" * 60)

# Me Agl kb

df['Is FullTime Code'] = df['Is FullTime'].map({'yes': 1, 'no': 0})
print("map () pe AefLxkd (yes—->1, no->0):")

print (df[['Name', 'Is FullTime', 'Is FullTime Code']].head())
print()

# Me ouvéptinon lambda
df['Score Squared'] = df['Score'].map(lambda x: x**2)

print("map () pe lambda (tetTpd&ywvo Score) :")

print (df[['Name', 'Score', 'Score Squared']].head())

print("\n" + "="*lOO + H\nll)

B
# 6. replace() - AVTLKATAOTOON OUYKEKPLUPEVOV TLUOV

# ___________________________________________________________________
print("6. replace() - AviLlRKXATAOTOON TLUGOV")

print("-" * 60)

# AVTLRATAOTOON HEPOVOUPEVNC T LUAC
df replacel = df.replace('Sales', 'lwAnocelLc')
print("replace('Sales', 'llwAncelLg') - otnv mEdTn yeoupn:")
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print (df replacel[['Name', 'Department']].head())
print ()

# AvTLIRATAOTOON e A€ELKO (HOAAEQ VI LKATAOTAOELG)

df replace2 = df.replace({'HR': 'Avbpomivo Auvoutxké', 'IT': 'IIAnpopoplkn'})
print("replace pe AefLxd yvia tphpata:")

print (df replace2[['Name', 'Department']].head())

print()

# AvtiraTtdoToon pe Aloteg
df replace3 = df.replace([np.nan, 'yes'l, [0, 11)

print("replace Alotag TLpdv pe Alota oavilkatoaot&oewy (NaN->0, 'yes'->1):")
print(df replace3[['Salary', 'Is FullTime']].head())

print("\n" + H:H*loo + "\1’1")

# ___________________________________________________________________

# 7. where() - Ailatfpnon Tipdv 6mou LoxUel OUVONAKN, avILKATACTAON OANOT

# ___________________________________________________________________
print("7. where() - Aitathpnon émou True, avilkat&otoon oémou False")
print("-" * 60)

# AVT LRKOATHOTOON CPpVNTLKOV O un e€mLdupntov T Ludv (€060, Score < 90

avT lkabloTaTtal pe NaN)

df where = df.copy()

df where['Score']l = df where['Score'].where(df where['Score']l >= 90,
other=np.nan)

print ("where (Score >= 90) - xpatd& pdévo Rabuporoyieg >=90:")

print(df where[['Name', 'Score'l])

print("\n" + H:H*loo + n\nn)

# ___________________________________________________________________

# 8. mask() - Avitlxkat&otaon TLlLpdv Omou LoxUel ouvBnxkn (aviiBeto tou where)
B
print("8. mask() - Aviixatdotaon oémou True, dlatnpnon o6mou False")
print("-" * 60)

df mask = df.copy()
df mask['Score'] = df mask['Score'].mask(df mask['Score'] < 90, other=0)

print("mask (Score < 90, 0) - aviixkabLotd& pe 0 boec Pabuporoyiec eivalr <90:"M)
print (df mask[['Name', 'Score'll])

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________

# 9. transform() - Eeapuoyrn ouvdptnong oe k&Be Tilun (emiotpéeel (dLo oxnua)
# ___________________________________________________________________
print("9. transform() - Eeappoyr ouvépinong oe xk&be otoilxeio")

print("-" * 60)

# Eooppoyn plLag ocuv&ptnong (m.x. moAAomAoocloopdc eui 100)

df transform = df[['Height', 'Score']l.transform(lambda x: x * 100)
print("transform(lambda x: x*100) - otic otfAec Height koL Score:")
print(df transform.head())

print()

# Eopoppoyr moAAdV ouvopthoewv (emiotpéeel DataFrame pe MultilIndex)
df multi = df[['Height', 'Score']l]l.transform([np.sgrt, np.expl)

print("transform([np.sgrt, np.exp]) - emLoTpé@el TOAAEG OTNAec:")
print (df multi.head())

Print("\n" + ":"*100 + H\nll)

# ___________________________________________________________________

228



# 10. apply() - Eeappoyn ouvdpinong Xotd pnkoc &fova (othAec N ypouuécg)

print("10. apply() - Epoappovyn ouv&ptinong oe &fova')
print("-" * 60)

# Rbpolopa k&Oe oTHANCG (pdvo yia aplOunTtLKEQ)
print("apply (sum) - &BpolLopa oTnAdV (xplOuntikécg) = ")
print(df[['Age', 'Height', 'Salary', 'Score'l]].apply(sum))
print ()

# Eoopupoyrn custom ouv&ptinong oe k&Be ypouun (axis=1)
df['Name Length'] = df.apply(lambda row: len(row['Name']), axis=1l)

print("apply (lambda row: len(row['Name']), axis=1) - unkog ovoépatog:")
print (df[['Name', 'Name Length']].head())

print ("\n" + "="*100 + "\n")

# ___________________________________________________________________

# 11. applymap () - Eeappoyn ouvdpinong oe k&Be otolxelo DataFrame (element-
wise)

# ___________________________________________________________________
print("11. applymap () - Zuvdpinon oe k&Be xreAl'")

print("-" * 60)

# Mopgpomno({non aplBUNTLRKOV OTNAOV G string pe 2 dexrad LKA
df formatted = df[['Height', 'Score']].applymap(lambda x: f"{x:.2f}")

print("applymap (lambda x: f'{x:.2f}') - poppomoinon:")

print(df formatted.head())

Print(u\nu + ll:ll*loo + n\nn)

# ___________________________________________________________________
# 12. fillna () - JIUPOANPWON E€AAE LTIOUCHV T LUOV

# ___________________________________________________________________
print("12. fillna() - TépLopo NaN")

print("-" * 60)

# TupnmAnpwon pe otabeprn T LUG

df filled = df.fillna({'Salary': df['Salary'].mean()})
print("fillna pe péco 6po otn Salary:")

print(df filled[['Name', 'Salary'll)

print()

# Hpowbnt Lk ovpnAnpwon (£fill) - oe véa oTHAnN yvia ToApdde Lyua
df['Salary ffill'] = df['Salary'].fillna(method='£ffill")
print("ffill otn Salary:")

print (df[['Name', 'Salary',6 'Salary £ffill']l])

print("\n" + "="*lOO + H\nll)

B

# 13. loc[] pe ouvlAxn - Yud OUVONAKN VI LKATAOTXON O OUYKEKPLUEVEC OTHAECQ
# ___________________________________________________________________
print("13. loc pe ouvlnkxn - AvIlkatdoToon uvnd ouvenxkn")

print("-" * 60)

# Oploudc véac otHAng xatnyoplag PB&oel nAtkioag
df.loc[df['Age'] > 28, 'Age Group'] = 'Senior'
df.loc[df['Age'] <= 28, 'Age Group'] = 'Junior'
print("loc pe ouvelnkn yia Age Group (Senior ov Age>28):")
print (df[['Name', 'Age', 'Age Group'll)

print("\n" + "="*100 + "\n")
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print ("TENOS IIPOT'PAMMATOZ")
K. 3.4.8: Mapadetyua yio Ti¢ UeB060UG UETAOYNUATIOUOUG TUNTWYV KAl TIUWV TwV [Aatoiwv Asbouévwv

3.4.8. ItatoTikég MeBodot

Nepypadiki
ZTATLOTIKA

describe()

info()

Métpa  Kevipikig

Taong

mean()

median()

mode()

Métpa Atoomopdg

std()

var()
min()
max()

quantile()

ZUOCCWPEUTIKA
Métpa

cumsum()
cumprod()
cummax()

cummin()

ZuoyEtion
Zuvdlakupavon

corr()

cov()

&

AnULoUpYEL L0l GUVOTTTLKI) OTOTLOTIKN
Teplypadr yla Tig aplBUNTIKEG OTNAELC,
mou mepltAappavel count, mean, std,
min, quartiles, max .

Mapéxel ula ovvodn tou DataFrame,
OMWG TOV 0PLOUO TWV YpaAPUWY, Ta
OVOUOTA TWV OTNAWVY, TOUG TUTIOUG
Se80UEVWV KaL TN XPNON UVAKNG .

YroAoyileL Tov PECOo OpOo TWV TLUWV .

Yriohoyilel tn Siapeco (to pecaio) Twy
TIHWV .
Emiotpédel TNV  emikpatoloa  TLUN
(tiun n TEG Tou epdavidovral TLo
auyva) .

YroAoyilel TNV TUTILKA QITOKALON, TIOU
Oelyvel T Sl00TMOPA TWV TUWV YUpW
arnd Tov PECO OpOo .

YrnoAoyilel tn Stakupavon .
EmoTtpEdeL TNV EAAXLOTN TN .
EToTpEDEL TN PLEYLOTN TLUN .
ETLOTPEDEL TNV TLUI OTO CUYKEKPLUEVO
TLOCOOTNUOPLO (TT.X., 0.25 yLa to 25%) .

Yroloyilet to aBpolotikd daBpolopa
TWV TIWV .

YroAoyilelL To aBpOLOTLKO YLVOUEVO TWV
TILWV .

Emiotpedel To aOPOLOTIKO LEYLOTO TWV
TILWV .

Emotpédel to aBpoloTikd eAdyLOTO
TWV TILWV .

Yrmoloyilet tn  ouoxéton  (my.,
Pearson) petal Twv oTnAwy .

YroAoyilel tn ouvdlakUpavon HEeTagy

df.describe()
df.describe(percentiles=[.1, .5, .9]) #
LE TPOCOPUOCHEVA TOCOOTLOLO
onueia

df.info()

df.mean()# Méoog oOpoc KkaBe

otiAng
df["Revenue"].mean() # Mécog 6pog
OUYKEKPLLEVNG OTAANG

df.median()

df.mode()

df.std()
df.var()

df.min()
df.max()

df.quantile(0.25) # 1o teTapTNUOPLO

df.cumsum()
df.cumprod()
df.cummax()

df.cummin()

df.corr()
df.cov()

230



MovasLkEg &
Anapibunon
Tipwv

count()

nunique()

value_counts()

ELOKEG ZTATIOTIKES

abs()

skew()

kurtosis()

diff()

pct_change()

TWV OTNAWV .

EmiotpEdel Tov aplBud TwV UN-KEVWV
(non-NA) tipwv og kaBe othAn/oelpd .

Emiotpedel Tov aplOpod Twv povasikwy
TLLWV .

Emiotpédel pla oepa  (Series) mou
TMEPLEXEL TNV  amapibunon  twv
HOVOSLKWV TILWV . (2uvnbwg
XPNOLLOTIOLE(TAL O OTAAEG)

Emotpédel €va DataFrame pe tnv
QTOAUTN TLUN KABE oToLxEloU .
Yriohoyilel tn Aofotnta (acuppeTpia)
TNG KATAVOUNG TWV TLUWV .

Yriohoyilel tnv KUptwon (UETpo TOU
"ayunpeou"  Hlag  KOTOVOMNG) Twv
TIHWV .

Yriohoyilel tn Sladopd HETAEU €VOG
otolxeiou koL evog GAlou (ouvnBwg
TOU TIPONYOUEVOU) .

Yroloyilel tnv mocootiala PETABOAN
pHeTafl TOU TPEXOVIOC KAl €VOg
T(PONYOULEVOU OTOLXEIOU .

df.count()

df.nunique()

df["Product"].value_counts()

df.abs()

df.skew()

df.kurtosis()

df. diff()

df.pct_change()

Mivakag 3.4.9: Médobot yia Statiotikn eneéepyacia twv Matoiwv Aedouévwy

Y€ auTnV TNV evotnta nepvape otnv MNepypadikn Iratiotiky Kot Avalvon. Autég ol pébodol ival
Tou petatpénouv €va DataFrame amod évav oamAo mivaka Ssdopévwv oe éva egpyaleio ARPng
anopAcewy, AMOKAAUTITOVTAC TACELS, ATOKALOELG KOl OXECELG LETOEY TWV UETABANTWV.

1. H MeydAn Ewkova (Exploratory Data Analysis)

Mpwv epPabuivelg, xpetaleoal pLa ypriyopn aktwvoypadia Twv SeSopévwv cou.

e describe(): Elval o "eABeTIkOG oOUYLAG" TNG OTATIOTIKNG.

o Tip: Ano mpoemidoyn deixvel povo aplBuntikég otnAec. Av Beg val SEL¢ OTATIOTIKA YL

Kelpevo (6mwg n 1o ouxvn Tn), xpnolpornoinoe to df.describe(include="all').

e value_counts(): Towg n 1o cuxvd xpnolomnoloUevn LEB0SOG yla KOTNYOPLKEG OTNAEC. Zou
Aéel apéowg "moooL meAATeC eival amno tnv ABrnva" r "mooa npoidvta ivat out of stock".

2. Kevtpikr) Taon & Alacnopd

ESw katahaBaivoupe mou "Bpiokovtal” ta dedopéva pag kot oo "okopritopéva eival.

e mean() vs median():

o AvTta 6ebopéva oou €xouv akpalieg TIUEG (outliers), o Léoog 6pog (mean) pumopel va
O£ TOPATAQVA OEL.
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o H éudpecog (median) eivat mo avBektikd. Mo mapadeypa, av 10 dtopa Bydalouv
1.000€ kat évag PByalet 1.000.000€, o péoog 6pog Ba eival moAU uPnAdg, aAAd n
Slapeoog Ba mapapeivel ota 1.000€.

e std() & var(): H Tumwn anokAlon oou A€eL av oL TIUEG 00U elval OAEC KOVTA OToV HECO OpO N
OV UTTOPXEL TEPACTLA O0TAOEL.

3. Zuoxéton: Nwg emnpedaleL To £va to AAAo;
e corr(): Napayel Evav mivaka (correlation matrix) mou deiyvel mwg cuvdéovtal oL oTNAEC.
o Tuyn 1.0: TéAela BeTikn cuoxETLoN.
o TN -1.0: TéEAela apvNnTIKA CUCXETLON.
o Twn 0: Kaplo ypappikr oxéon.
4. Ttatiotikd Xpovooelpwv (Time-Series Insights)

Av ta &edopéva cou sival Taflvounuéva XPOVIKA (TT.X. TIMEG HETOXWV), auUTEG oL pEBodol eival
anapaitnteg:

e cumsum(): 16aviko yLa var BAETELG TIC CUVOALKEG TTWANOCELG £TOUG LEPA HE TN MEPOQL.

e pct_change(): H "BaociAlooa" twv XpNUOTOOLKOVOUIKWY. Xou Selyvel tnv amddoon (m.x.
"oAuepa n LeToxn aveRnke 2%").

o diff(): Xpnowo yia va deig tnv andiutn Stadopd (m.x. "moOoeC mMapamAvw TMWANGCELS KAVAUE
onuepa os oxéon pe xBeg;").

5. Npoxwpnpéveg Katovopeég
o skew() (Ao§otnTa): Zou AL av n KATAVOWN GOU YEPVEL TTPOC TaA apLotepd ) Se€La.

e kurtosis() (KOptwon): Zou Seixvel av oL akpaieg Tipé (outliers) elvat oAU cuxveg ("Baplég
oUpEg").

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 70)

# T ovamopoyy LuoéTnTo
np.random.seed (42)

# Anutloupyla nuepounv Lodv
date rng = pd.date range(start='2023-01-01", end='2023-12-31"', freg='M")

# Aedouéva
df = pd.DataFrame ({

'"A': np.random.normal (50, 10, 12), # KOVOV LKA KATAVOUN
'B': np.random.uniform(20, 80, 12), # opotLdpopen KatTovour
'C': np.random.randint (1, 100, 12), # oaxépoLol

'D': np.random.choice(['X', 'Y', 'Z'], 12), # xaTnyopLlKH
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'E': np.random.permutation([np.nan, 10, 20, 30, 40,
100, np.nanl]), # pe NaN

'Date': date rng
b

# [HpooBAKN PeplKOV akduA OTNAOV Yo TAouoLdTepa nopade (yuoto
df['F'] = df['A'] * 2 + np.random.normal (0, 5, 12) # ouoxetL.ouévn pe A

df['G'] = np.random.choice(['Cat', 'Dog', 'Bird'l, 12)

print("DataFrame (mpodteg 5 ypoappécg) :")
print (df.head())

print ("\nllAnpoeoplec TUmwv:")

print (df.dtypes)

print("\n" + H:H*loo + "\1’1")

B
# 1. TIEPITPA®IKH XTATIXTIKH

B oo
print("1. IEPITPA®IKH STATISTIKH")

print("-" * 50)

# 1.1 describe() - ZUVOHNTLKI OTINTLOT LKA VIX aplOUNTLKEC OTHAECQ
print("1.1 describe() - mpoemiAovyy (pdévo aplBuntLxkéc) : ")

print (df.describe())
print ()

# describe pe mpooappoopéva mocooT lala onue lo

print("describe (percentiles=[.1, .5, .9]) - pe enimAéov mocootlaio:")

print(df[['A', 'B', 'C']].describe(percentiles=[.1, .5,
print()

90,

# include='all' via va ouumeplA&Bel KXL KATNYOPLKEC (OXL OAA TA OTATLOT LKA)

print("describe (include='all') - meplAouBdavel KATNYyopLKEC:")

print(df.describe(include="'all'))
print()

# 1.2 info () - Zuvomnt !kl nAnpoedpncon DataFrame
print("1.2 info():")

df.info()

print("\n" + "="*lOO + H\nll)

print("2. METPA KENTPIKHX TAZHZ")
print("-" * 50)

# 2.1 mean() - Méocog 6poc

print("2.1 mean () - Mécog 6pog k&Be aplLBuntLkANC otHAnc:")

print (df.mean (numeric_only=True))
print()

# Méooc 6poC OUYKeKPLUEVNC OTHANG
print ("Mécoc 6poc othHAng A:", df['A'].mean())
print ()

# 2.2 median() - AL&peoog
print("2.2 median() - Airdpecog:")
print (df .median(numeric_only=True))
print()
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# 2.3 mode() - EmixpoatoUoa TLuh (umopel va éxel MOANEQ)

print("2.3 mode () - EmixpatoUoeg TLuécg:")
print(df.mode (numeric_only=True) .iloc[0]) # mpdtn emixpatobox (v UID&EXOUV
TTOANEQ)

# TLla RATNYOPLKEQ
print("Enixpatotoa otnv D:", df['D'].mode () .values)

print(”\n” + H:H*loo + "\1’1")

# ___________________________________________________________________
# 3. METPA AIASIIOPAY

# ___________________________________________________________________

print("3. METPA AIAXIOPAZ")
print("-" * 50)

# 3.1 std() - Tumikh omdKALOY
print("3.1 std() - Tunmixkl) amdxkAion:")
print (df.std(numeric_only=True))
print ()

# 3.2 var () - ALaxUupovon
print("3.2 var () - AitaxtGpavon:")
print (df.var (numeric only=True))
print()

# 3.3 min() - EA&XLOTn TLun
print("3.3 min() - EAd&xiotn:")
print (df.min (numeric_ only=True))
print()

# 3.4 max () - MéyLotn TLuQ
print("3.4 max () - Méyiotn:")
print (df .max (numeric only=True))
print()

# 3.5 quantile () - Hoocootnudplo

print("3.5 quantile(0.25) - lo tetaptnudépLo:")

print (df.quantile(0.25, numeric only=True))
print("quantile ([0.25, 0.5, 0.75]) - moAA& mocootioio:")
print (df.quantile([0.25, 0.5, 0.75], numeric_ only=True))
print("\n" + "="*100 + "\n")

# 4. TYSSQPEYTIKA METPA (CUMULATIVE)

print("4. IYSZQPEYTIKA METPA")
print("-" * 50)

# AnuiloupyouUue éva pLxpdTepo DataFrame yid MLO €UXVAYVOOTA QIOTEANECUATO
df cum = df[['A", 'B', 'C']].head(6) .copy()

print ("YoooUvoAo ylLa oUCowpeUT LKY (mpdteg 6 ypappéc) :")

print (df cum)

print()

# 4.1 cumsum() - A6polLoT kO &BPOLOUN
print("4.1 cumsum() :")

print (df cum.cumsum())

print ()

# 4.2 cumprod() - ABGpoloT Lk yLvouevo

print("4.2 cumprod() :")
print (df cum.cumprod())

234



print()

# 4.3 cummax () - AGpoloTLkO PEVLOTO

print("4.3 cummax () :")

print (df cum.cummax())

print()

# 4.4 cummin () - AOGpoloTLkd €AY LOTO

print("4.4 cummin() : ")

print (df cum.cummin())

print("\n" + n:n*loo + ll\nll)

# ___________________________________________________________________
# 5. JYSXETIYH & SYNAIAKYMANZH

# ___________________________________________________________________
print("5. IYIXETISH & XYNATAKYMANZH")

print("-" * 50)

# 5.1 corr() - 3Juoxétion Pearson

print("5.1 corr() - Zuoxétion:")

print(df[['A", 'B', 'C', '"EF']]l.corr())

print()

# 5.2 cov() - ZSuvdilaxkUuovon

print("5.2 cov() - Zuvdiaxltuoavon:")

print(df[['A"', 'B', 'C', 'F']]l.cov())

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________
# 6. MONAAIKEY & AIAPIGMHTH TIMQON

# ___________________________________________________________________

print("6. MONAAIKESY & AIIAPIGMHZH TIMQN")
print("-" * 50)

# 6.1 count () - HAHBOC UN—-KEVHV T LUOV

print("6.1 count () - Mn-xev& av&d othAn:")

print (df.count ())

print()

# 6.2 nunique () - HARBOGC POVAD LKAV T LUAOV

print("6.2 nunique () - Movadilkég TLpég oavd oThAn:")

print (df.nunique())

print()

# 6.3 value counts() - ZuxvoINTeg HOVAD LKAV TLUOV (og OTNADN)
print("6.3 value counts () - Zuxvétntec yio otnin D:")

print(df['D'].value counts())
print("\nl'ta othAn G (pe xaTnyoplkéc) : ")
print(df['G'].value counts())

print("\n" + "="*lOO + H\nll)

F
# 7. EIAIKES XTATISTIKES

# ___________________________________________________________________

print("7. EIAIKEY XTATISTIKES")
print("-" * 50)

# 7.1 abs () - AmbAuteg TLuéQ

df abs = df.copy()

df abs['Neg'] = np.random.normal(0, 5, 12) # mpooBnxn oPvnTLKOV TLPOV
print("7.1 abs() - AmndAutec TLpéc (otnAn Neg) : ")
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print (df abs.assign(Neg abs=df abs['Neg'].abs())[['Neg',
'Neg abs']].head())
print()

# 7.2 skew() - NofdTnTa
print("7.2 skew() - Nofodtnta:")
print (df.skew(numeric_ only=True))
print()

# 7.3 kurtosis() - KUptwon
print("7.3 kurtosis () - KUptwon:")
print (df.kurtosis(numeric_only=True))
print ()

# 7.4 diff() - ALopopéc (mpoemiLAoyn: periods=1)

print("7.4 diff () - AiLaeopéc petalld dLadox LKOV ypouudvy (othAn A) :")
print(df['A"'].diff () .head(6))

print ()

# 7.5 pct change() - IlocooTlala petoBodn

print("7.5 pct change() - IocootLialo peTafoAn (othin A) :")
print(df['A'] .pct change () .head(6))

Print(u\nu + ll:ll*loo + n\nn)

# 8. IYTKENTPQTIKH ENIXKOIHZH (mpoolpeT LKD)

print("8. ZSYI'KENTPQTIKH EINISKOIHSH ZTOIXEIQN")

print("-" * 50)

print ("OAoxkAnpdOnke n enmidetfn 6AWV TOV OTATLOTLKOV pebddwv.")
print ("TéAoc mpoypdppotog.™)

K. 3.4.9: Mapadetyua yLo Ti¢ oTATIOTIKEG UeBodouc Twv lMAatoiwv Asbougvwy

3.4.9. Jwpeuvtikol YroAoylopol kot MetaBoAEg

M£6060¢ Nepypadn Ermtiotpodn
ZwpPEUTIKOL
YrtoAoylopoi
(Cumulative
Operations)

Yroloyilel to aBpolotikd dbpolopa

(cumulative sum) twv Tpwv katd df.cumsum()
cumsum() unkog evog atova (ouvnBwg ava df.cumsum(axis=1) (aBpolotiko
otAAN N ava ypappn). Emotpeédel éva.  aBpolopa ava ypaupn)
véo DataFrame pe to i6lo péyebocg.
YrnoAoyileL To aBPOLOTIKO YLVOUEVO
(cumulative product) Twv TLUWV.
Emiotpedel to 0OpoloTIKO pEYLOTO
cummax() (cumulative maximum) twv twwv df.cummax()
MEXPL TO TPEXOV OTOLXELO.
Emotpedel to abpolotikd eAdxLoto
(cumulative minimum) Twv TIHLWV.

cumprod() df.cumprod()

cummin() df.cummin()
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expanding().sum()

expanding().mean()

YrnioAoylopol
MetaBoAwv
(Differences & Shifts)

diff()

pct_change()

shift()

Mapéxel A€LToupyLKOTNTA yla
"Sloykoupeva" mapaBupa (expanding
windows). Mg to .sum() urtoAoyileL To
abpolopa OAWV TWV TPONYOUUEVWY
TIHWV (TTAPOOLo HE TO cumsum OAAQ
TILO EVEAIKTO).

Yriohoyilel Tov aBpoloTiKO UECO Opo
(cumulative mean).

Yroloyilet tnv TMpwtn  Slakplti
Sladopa (discrete difference) petagu
otolyelwv. [lpoalpeTikd, Hmopel va
oplotel o0 aplOuog Twv TMEPLOSdWV
(periods) yta tn petatomnion.

Ymoloyilel tnv mocootiaia petofoln
(percentage change) petafd Ttou
TPEXOVTOG KAl €VOG TIPONYOUUEVOU
otolxeiou.

Metatomilel (shifts) ta 6ebopéva
Kotd  évav  emBuuntd  aplBuo
TeEPLOS WV, SnuLovpywvtag pLo
"Alota" pe MPONYOUEVES 1) ETIOUEVEC
TIHEC. Aev umoAoyilel kamola mpagn,
oAAQ €lval XproLun yla cuyKpLoELg.

df.expanding().sum()

df.expanding().mean()

df.diff() (Stadpopd ano ™v
TPONYOULEVN ypouun)
df.diff(periods=2) (6tadopad  amo
Suo VPOULLEG L)
df.diff(axis=1) (dtadopd amoé TNV
TiponyoUevn otnAn)

df.pct_change()
df.pct_change(periods=2)

df.shift() (uetatomilet OAeg¢ TIC
TIUEC KOTA pia ypauun Tpog to
KATW)

df.shift(periods=-1) (petatomilet
TPOG TA TTAVW)

Mivakac 3.4.10: Mé8obot Swpeutikwy YroAdoytouwv kat MetaBoAwv yia MAaiota AsSouévwyv

Autéc oL péBodol amotelolv tov mupnva tng AvaAluong Xpovooelpwv (Time-Series Analysis) katl tng
XPNHOATOOLKOVOULKNAG povteAomoinong otnv Pandas. Evw ol amAég oTaTIOTKES (0w 0 LECOG OPOG)
pog Sivouv pLa OTATIKA ELKOVA, OL CWPEUTLKOL UTTOAOYLOWOL KOl Ol LETOTOTILOELG LOIG ETUTPEMOUV VAl
SoUpe tnVv Kivnon kat tnv €€AEn twv dedopévwy oTov Xpovo.

1. Zwpeutikoi YrtoAoyiopoi (Cumulative Operations)

OL péBodol autég "kouBaAave" tnv mAnpodopia amnod TG MPonNyoUUEVES YPAUMES OTLG ETIOUEVEG.

e cumsum(): To 1o KAQOLKO apadelypa eivat n mapakoAolBnon Twv ec08wv (Revenue) evog
kotaothpatog. Kabe pépa mpootibevral ol MwANCELS OTIG &N UTTAPXOUOEG YLl va SoUE To
ouvolo "uéxpl onpepa.

e cummax() / cummin(): XpnowpomnoloUvtal cuxva ylot VoL EVIOTIIOOUME LOTOPKA uPnAd A
XaUNAQ. MNa mapddelyua, o pla Letoxn, tTo cummax() pag deixvel mola ATav n uPnAotepn
TLUA TIoU €xeL Kataypadel amo tnv apyn tou dataset HéxplL ekelvn tn oTyun.

e expanding(): Autn eival pla o efedlypévn popdn twv cumulative operations. Evw n
cumsum() kavet povo abpotopa, n expanding() cou entpénel va epapUdOEL; OTOLASHTIOTE
npaén (m.x. mean(), std()) oe éva mapdBupo ou LEYAAWVEL CUVEXWC.

Tip: H expanding().mean() sival e€atpetikn yia va BAEnelg mwg otabeporoleital o oo 6pog evog
TEPANOTOG KOOWC tpootiBevtal véa Sedopéva.
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2. Yriohoyiopoi MetaBoAwv (Differences & Shifts)
AuTéc oL péBodol pag BonBouv va cuykpivoupe to "twpa' pe to "xBec".

o diff(): Ymohoyilel tnv anoAutn petaBoAn.

o Mapabdeyua: Av xBe¢ eixape 100 nwAnoelg kat onpepa 120, to diff() Ba emotpéPet

20.

e pct_change(): Eivat n 1o onuavtik HEBOSOC yla OLKOVOULKA avaAuohn. METATPEMEL TIG
OTOAUTEC TIUEG O€ TOO0OTA, KAvovtag ta dedopéva ocuykpiolpua. Mia avodog 10€ £xel GAAN

Baputnta av to mpoidv kavel 100€ kat GAAN av kavel 1.000€.

e shift(): lowc n o "mapeénynuévn" aAla xpnotun pEbodoc. Aev aAlAGlel TIG TIHEG, AAAG TIC

METOKLVEL.

o TNuarti eivan xpriown; Av B€Aelg va uttoAoyioelg KATL XELpokivnTa cuykpivovtag tn
ONUEPLV TLUH KE TNV MPONYOUHEVN oTnV (8la ypapun, xpnotporoleig to shift() yia

va pEpeLg TNV TN tou "xBec" SimAa otV T Tou "onuepa.

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 60)

# AnuiloupyoUue éva pLxkpd DataFrame pe tpelg oOothHAec xal 5 ypappéc
data = {
'A': [10, 20, 15, 30, 257,
'B': [5, 8, 12, 10, 157,
'c': [100, 150, 130, 200, 180]
}
df = pd.DataFrame(data, index=['Rowl', 'Row2', 'Row3', 'Row4d', 'Row5'])
print ("ApxLxd DataFrame:")

print (df)

Print(”\l’l” + 11:11*90 + H\nll)

# ___________________________________________________________________
# 1. YQPEYTIKOI YIONOI'IZMOI (CUMULATIVE OPERATIONS)

# ___________________________________________________________________
print("1. ZQPEYTIKOI YIIOAOT'IXMOI")

print("-" * 40)

# 1.1 cumsum() - ABpoloT kO &bpolopa avd otnAn (axis=0, mpoemlAoyn)
print("1.1 cumsum() - ABpoloT Lk &bpolopa (ov& oTthHAn) : ")

print (df.cumsum())

print()

# cumsum () pe axis=1 (abpoloTlkd &Bpoloua avd ypouun)

print ("cumsum (axis=1) - ABpolLoT Lk &Bpoloupax oav& ypouun:")

print (df.cumsum(axis=1))

print ()

# 1.2 cumprod() - A6polotLlkd yLvduevo

print("1.2 cumprod() - ABpoloTLkd yLvouevo (ov& otnAn) : ")

print (df.cumprod())

print()
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# 1.3 cummax () - ABpoloT kO péyLloTO

print("1.3 cummax () - ABpolotTLlkd péyLlLoto (av& oThAn) :")

print (df.cummax())

print()

# 1.4 cummin() - ABGpoloTLkO eAdYLOTO

print("1.4 cummin () - ABpoloTLKSO gAdxLoTtOo (ov& oThAn) : ")

print (df.cummin())

print()

# 1.5 expanding () .sum() - ABpoloT kO oUvoAro pe expanding window ((diLo pe
cumsum)

print("1.5 expanding() .sum() - ABpolLoTLkd oUvoAo ((dLo pe cumsum) :")
print (df.expanding() .sum())

print()

# 1.6 expanding () .mean() - ABpoloT kKOG pécog O6poC

print("1.6 expanding() .mean() - ABpoloTLlkOC pécog 66pog:")

print (df.expanding () .mean())

print()

print("\n" + vl:vl*go + n\nn)

# ___________________________________________________________________
# 2. YIONOT'IYXMOI METABOAQN & METATOIIIZEQN

# ___________________________________________________________________

print("2. YIOAOT'IZSMOI METABONQN & METATOIIZEQN")
print("-" * 50)

# 2.1 diff() - ALo@opéc peTaly dLadox LKAV otolxelwv

print("2.1 diff () - Aitapopd amd mponyoUupevn ypoppln (periods=1):")
print(df.diff())

print()

print ("diff (periods=2) - Aitapop& omd dUGo ypoupéc mpotiv:")

print(df.diff (periods=2))

print()

print ("diff (axis=1) - AiLapop& amd mponyoUpevn otHAn:")

print(df.diff (axis=1))

print()

# 2.2 pct change() - Iocootialo PeTABOAL

print("2.2 pct change() - Ioocootlalo peTafoAn amd mponyouuevn ypoupn:")
print (df.pct change())

print()

print ("pct change (periods=2) - Iocootiaila petafoArr) amd dUo yPAPuEG HELV:
print (df.pct change(periods=2))

print()

# 2.3 shift () - Metatdmion dedopévav

print("2.3 shift () - Metatdémion mpoc¢ To k&tw (periods=1, mnpoemiAovy) :")
print(df.shift())

print ()

print("shift (periods=-1) - Metatdémuion mpog¢ To ndvw:")

print (df.shift (periods=-1))

print()

H)
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print("shift (periods=2, axis=1) - Metatdmi.on oTnAdvV mpoc¢ T de&L&:")
print (df.shift(periods=2, axis=1))

print()

Print("\l’l" + n:u*go + ll\nll)

# ___________________________________________________________________
# 3. TIAPAAEITMA XYNAYAZMOY MEGOAQN

# ___________________________________________________________________

print("3. XYNAYAXMOY ME®OAQN (m.x. diff kot pct change)")
print("-" * 50)

# AnuloupyoUue pla XPOvVooeLlpPpd YL TLO PEXALOT LKO mopdde Lyud
dates = pd.date range('2024-01-01"', periods=5, freg='D")
ts _df = pd.DataFrame ({
'Sales': [200, 220, 210, 240, 250]
}, index=dates)
print ("Xpovooe Lp& HNwAnceswv:")
print(ts_df)

print()

# Hupepnoia petafoAn) oe amdAuTtoug oplBuo’c
print ("Hpepnoita ditaeopd (diff()):")

print(ts df.diff())

print()

# Huepnolo mocootlala petafoArn

print ("Hpepfoia % peTtafoAn (pct change()):")
print(ts df.pct change())

print()

# Anuiloupyla petatonmlopévng OTHANCG VLo OUYKPLODN

ts df['Sales prev'] = ts df['Sales'].shift (1)

print ("IIpooBnkn oTtHANC pe mponyolUueveg mwApoelc (shift):")
print(ts_df)

print()

# ABpoloTLkO AOPOLOoPA TWANCEW®V
print("ABpoLotLkéC mnwANoeLlg (cumsum()) :")
print(ts df['Sales'].cumsum())

print()

Print("\n" + ":"*90 + H\nll)

print ("TENOS [IPOT'PAMMATOZ")
K. 3.4.10: Mapadsiyua Medodwv Swpeutikwy Yrodoytouwv kat MetaBoAwv twv lMNAatoiwv Asdougvwyv

3.4.10. MaBnuatikeg Mpdéelc — AptBuntikeg MeBobdotl

Mé£Bodo¢g Nepypadn Napddelypa

add() MpooBeon otolxelo-MPoG-oToLXELD. df.add(1) ndf + 1 (mpocBétet 1 oe KAOe
looSUvaypo [E TOV TEAEOTN + . oTolElo)

sub() Adaipeon otolyeio-mpog-otoLyeio. df.sub([1, 2], axis='columns') (adaipel 1
loodUvaypo e Tov TEAEOTN - . amd tnv 1n otAAn Kat 2 amno tn 2n)

mul() MoAAQITAQGLOOOG OTOLXELO-TTPOG- df.mul(10) (moAMamAaotalel kdBe otolxeio
otolxeio. looduvapo pe tov TeAeotn * . pe to 10)
Alaipeon otolxelo-mpog-cTolyeio (Kvntng

div() UTOSLOCTOANG). loodUva o LE ToV df.div(10) (Staupel kAdBe otolxeio pe to 10)
teleoth / .

truediv()  AxplBwc idta pe Tnv div() . df.truediv(10)

240



Aképala Slalpeon oTolyelo-tpog- df.floordiv(3) (Slatpel kal KpATA TO AKEPALO

floordi \ , . .
Sel otolxeio. loodUvapo pe tov teheotn // . UEPOG)
ow() Yywon oe SUvapn otolxelo-mpog- df.pow(2) (vbwvelL «kaBe otolelo oTO
P otolxeio. loodUvapo pe tov teheotr ** | TETPAYWVO)
Ynoouro 6fotpeonq'(modu|o) OTOLXELO df.mod(2) (Bpiokel av kaBe otolxeio eivat
mod() POoG-oToLxelo. loodUvapo pe Tov P -
teAeotn % . prionmep
abs() YroAoyilel Tnv amoAutn T Kabe df.abs() (LeTaTPEMEL OAEG TIG QAPVNTIKEG
otolyeiou . TIUEG OE BETIKEC)
Ztpoyyulomolel kaBe otolxelo o€ ;. .
. ) . f. 2
round() KoBoplopévo aplBuo dekadikwv RTEVIEIC) (EOAERIER CUEE S Wi

o€ 2 Sekadlka)

bnoiwv .

Mivakacg 3.4.11: MéGobot Aptduntikwy lMpaéswv twv MAaloiwv Asbouévwv

MapoAo mou n Python emutpémnel Tn xprion cUPBOAWV (OTIWG +, -, *), oL evowpoTWHEVES LEBOSOL TNG
Pandas (add, sub, k.Art.) mpoodépouv Eva kplowo mAsovékTnua: tnv napdpetpo fill_value kal tov
£heyxo tou afova (axis).

1. Nari va xpnotpomnolei tig pefodoug avti yia ta cUpBoA;

Av nipoomaBnoelg va ipooBéoelg SUo DataFrames mou £xouv Keveg TLHEC (NaN) xpnolponolwvtag To
oUUBOAO +, To amotédeopa Ba eival NaN. Av opwg xpnotpomotioelg tnv dfl.add(df2, fill_value=0), n
Pandas Ba avtikataotiosl ta kevd pe 0 pwv thv paén, cwlovtag ta Sedopuéva cou.

2. AvdAuon twv Mebodwv

Baowkég Npageig

add() & sub(): Ektog amnod anholg aptBuolg, Unopeic va adalp£oslg pia oAOKANpn Series
ano éva DataFrame. Mo mapadetypa, av Beg va apalpeoeLg Tov PEGO 0po KABE oTAANG amo
TLC TIMEG TNG, Xphoworoleic to df.sub(df.mean(), axis='columns').

mul() & div(): MoAU XprOLEG YLl LETATPOTIEG LOVASWV (TT.X. LETATPOT TLLWV amo doAdpLa
O€ EUPW).

E€eL8IKEVLEVEG ALOLPEDELG

floordiv() (//): Xpriowuo dtav Beg va opadomnotioslg Sedopeva og "koutid” (bins). M.x.
df['Age'].floordiv(10) Ba cou dwoel Tn dekaetio nAtkiag (2 yia ta 20-29, 3 yia ta 30-39).

mod() (%): I16aviko yla va Bpelg potifa. Mo mapadelypa, o€ Xpovooelpec, To mod(7) pnopel
va BonBroet otov evtoriopd efdopadlaiwv KUKAWV.

Mopdomnoinon ko AlopOwon

abs(): Anapaitnto otn otatioTikn, EL61KA 0Tav untoAoyilelg obaipota (residuals), 6mou pog
evlLadEPEL N amdOoTACN ATIO TNV TTPAYOTLKI TLUA KAl OXL TO TIPOCN 0.

round(): H teheutaia mvelld mpLv TV mapouoioon.

Tip: Mmopeic va Swoelg Ae€wo otnv round() yia Stadopetikd Sekadika ava othAn: df.round({'Price":
2, 'Quantity': 0}).

3. Broadcasting: Mwg suBuypappilovror ta Ssdopéva
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Otav kavelg mpatelg otnv Pandas, cupPaivel to Aeyopevo Broadcasting. H BLBALoBrkn mpoomnaBei va
talplatel ta labels twv ypappwy kat twv otnAwv. Av éva label untdpxel oto éva DataFrame aAAG OxL
oto aAMo, n Pandas Ba dnuloupynoet pla véa otnAn pe NaN (ektog av xpnotwuomotioelg o fill_value
TIou avadEpaye).

import pandas as pd
import numpy as np

# ___________________________________________________________________
# Anuioupyla delypatog DataFrame pe oplBunt k& dedouéva
# ___________________________________________________________________
print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 60)
data = {
'A': [10, -5, 7, -3, 1271,
'B': [31 8! _21 5! O]r
'c': [2.5, 4.1, 6.3, 1.2, 9.8]
}

df = pd.DataFrame(data, index=['R1', 'R2', 'R3', 'R4"', 'R5'])
print ("Apx kb6 DataFrame:")

print (df)

print("\n" + "="*100 + "\n")

print("1. IIPOZGEXH - add()")
print("-" * 40)

# TpooBnkn otabepdc oe OAa T OTOoly)Ee (o
print("add (1) - mpooBétel 1 oe x&Be orolxelo:")
print (df.add(1))

print("\nIcodUvapo pe teAeotn + : df + 1")
print(df + 1)

print()

# TpooBnkn Alotag TLpdv avd oTAAn (xpeld&letal axis='columns' 1 axis=1)
print("add ([1, 2, 3], axis='columns') - mpocBéteL 1 otn othAn A, 2 otn B, 3
otn C:")

print(df.add([1, 2, 3], axis='columns'))

print()

# TpooBNkn Alotagc avd ypauun (axis='index' 131 axis=0)

print("add ([10, 20, 30, 40, 50], axis='index') - mpoocBéteL av& ypoappn:")
print(df.add([10, 20, 30, 40, 50], axis='"index'"))

print("\n" + H:H*loo + H\nll)

# ___________________________________________________________________

# 2. APAIPESH - sub() / -

# ___________________________________________________________________
print("2. A®AIPEYH - sub()")

print("-" * 40)

# Agalpeon otabepdc

print("sub (5) - apaipel 5 amd x&Be otoilxelo:")
print (df.sub(5))

print ("\nIcodUvapo pe teAeotn — : df - 5")
print (df - 5)

print ()

242



# Aopalpeon Alotagc avd OTHADN

print("sub([l, 2, 0.5], axis='columns') - aouipel OLAQPOPETLKEC TLREC OV
othAAn:")

print(df.sub([1, 2, 0.5], axis='columns'))

print()

# RAoalpegon avé ypapun

print("sub ([100, 200, 300, 400, 500], axis='index') - apaLpel avd ypapun:")
print(df.sub([100, 200, 300, 400, 500], axis='index'))

Print("\l’l" + n:n*loo + H\nﬂ)

# ___________________________________________________________________

# 3. IIONNAIINAXRIASMOZ — mul() / *

# ___________________________________________________________________
print ("3. IOAMANAARIASMOS - mul () ")

print("-" * 40)

# ToAAamAoo Laopdg ue otabepd

print("mul (3) - moAAamAool&lel xk&Be otolxelo pe 3:")
print (df.mul (3))

print ("\nIcodUvouo pe teAeotn * : df * 3")

print(df * 3)

print()

# ToAlomAoolaopdc pe Alota avd oTHADN

print("mul ([2, 5, 10], axis='columns') - dLapopeTLlkO{l OCUVTIEAEOTEQ VA
oTtnAn:")

print (df.mul ([2, 5, 10], axis='columns'))

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________
# 4. AIAIPESH - div() / truediv() / /

B
print("4. AIAIPEXH - div () / truediv()")

print("-" * 40)

# Alalpeon pe otabepd

print("div (2) - diLaipel x&Be octoLxelo pe 2:")
print(df.div(2))

print ("\nIcodUvouo pe teAeotyn / : df / 2")
print(df / 2)

print()

# truediv () eival ouvovupo tng div ()

print("truediv(2) - (diLo amotéAeopo:")

print (df.truediv(2))

print()

# Alalpeon pe Alota avd ypoauun

print("div([l, 2, 1, 2, 1], axis='"'index') - dialpeon av& ypopun:")
print(df.div([1, 2, 1, 2, 1], axis='index'))

Print("\n" + ":"*100 + H\nll)

# ___________________________________________________________________
# 5. AKEPAIA AIAIPESH - floordiv() / //

# ___________________________________________________________________
print("5. AKEPATIA AIAIPEXH - floordiv()")

print("-" * 40)

# Axépala dlalpeon pe otabepd
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print("floordiv (3) - axépalo nnAixo dLalpeong pe 3:")
print (df.floordiv(3))

print("\nIcodUvauo ue tereotny // : df // 3")

print(df // 3)

print()

# Axépala dlalpeon pe Alota avéd OTHAn

print("floordiv ([2, 3, 4], axis='columns') - oav& othAn:")
print(df.floordiv([2, 3, 4], axis='columns'))

print(n\nu + n:n*loo + ll\nll)

# _____________________________________________________________

print ("6. YVYQSH SE AYNAMH - pow()")
print("-" * 40)

# Yywon oe dUvaun (otabepd)

print("pow (2) - ulydvel k&Oe otolyxelo oto TeTPAYWVO:")
print (df.pow(2))

print ("\nIcodUvouo pue tTeAeothn ** : df ** 2")

print (df ** 2)

print()

# Yywon oe dUvoaun avd OTHAN

print("pow([2, 3, 1], axis='columns') - dLapopeTlkol exB&teg:")

print(df.pow([2, 3, 1], axis='columns'))
print()

# Ipoocoxn: apvnilkég PBhoelg pe dexadlkd exkBétn divouv pLyadLxrolg,

ao@eUyouUne
print("\n" + n:n*loo + H\nll)

# 7. YIONOINO AIAIPESHE - mod() / %

print("7. YIIONOIIIO AIAIPEXHY - mod()")
print("-" * 40)

# Ynoroimo dlalpeong pe otabepd
print("mod (3) - vnméAoimo diaipeonc pe 3:")
print (df.mod (3))

print ("\nIcodUvapo pe teAeotn $ : df & 3")
print (df % 3)

print()

# Ynéloimo pe Alota av& oThHAn

print("mod ([2, 5, 3], axis='columns') - av& orthAn:")
print(df.mod([2, 5, 3], axis='columns'))

print("\n" + "="*lOO + H\nll)

# ______________________________________________________________

print ("8. AIOAYTH TIMH - abs()")
print("-" * 40)

print("abs () - améAutn TLph k&Be ocrtolxelou:")
print (df.abs())
print()
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# Inuelwon: n abs () dev éxel TeAeotn, eival pdévo péBodog.
Print(n\nu + ":"*lOO + ll\nll)

B
# 9. ETPOTTYAONOIHSH - round()
o
print("9. STPOI'TYAONOIHSH - round()")

print("-" * 40)

print("round (l) - otpoyyulromnoinon ce 1 dexadlkd UYneio:")

print (df.round (1))

print()

# MmopoUue va oplooupe SLa@opeT kO aplBud dekrad KOV ovd OTHAD

print("round ({'A':0, 'B':0, 'C':2}) - diLapopeTlk& deradLlr& av& othAn:")

print(df.round({'A':0, 'B':0, 'C':2}))
print()

# Xowplc dploua, otpoyyuronolel oe axképato (0 derad k)

print("round () (default) - oaxépoaiec TLuEG:")

print (df.round())

print("\n" + n:n*loo + H\nll)

B o

# 10. TYNAYASMENA IIAPAAEITMATA

print("10. IYNAYAZMOY IIPAEEQN")
print("-" * 40)

# Anuioupylo avilypdeou ylo TpdEeLg
df2 = df.copy()

# TpooBAKn véac OTHANG UE UMNOAOY LOUOUQ
df2['D'] = df2['A'].add(df2['B"']) .mul(2) .mod (5)

print("Anuiovpyloa othang D = (A + B) * 2 & 5:")
print(df2[['A"', 'B', 'D']1)
print()

# Xphon round kol abs poll
df2['E'] = df2['C'].sub(5) .abs () .round (1)

print("StHAn E = |C - 5| pe otpoyyuvronoinon 1 dexadLxkd:")
print (df2[['C', '"E']])

print()

print("\n" + nzn*loo + n\nn)

print ("TEAOY [IPOT'PAMMATOZ")
K. 3.4.11: Mapadeyua yia ti¢ Medobouc AptSuntikwy lMpaéswv twv MNAatoiwv Asbouévwv

3.4.11. Xxéoelc 2Uykplonc (Boolean Output)

M£6060¢ Nepwypadn Napadslypo
Edapuolouv pLo OTOLYELOKN
(element-wise) oUykplon petay
evo¢ DataFrame kot pag AAANg
doung (m.x. scalar, Series, Ao
DataFrame). To amotéAsocpa sivat
é€va boolean DataFrame omou kaBe
KeAl Seiyvel av n ouvOnkn LoxveL f
OxL .

df[df['HAwkia'] > 30]
Baokoi Teleotég ETLoTpEdEL LOVO TIG
Z0YKpPLONG

(<, >, =5, 1=, <=,>2) "HAwdia' éxet Tiun

peyoaAvtepn tou 30.

YPQULEG OTIOU N OTAAN
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eq() (equal)

ne() (not equal)

gt(), ge(), It(), le()

isin()

eq() (ouykplon otnAwv)

equals()

compare()

any() ko all()

str.contains()

JTOL(ELAKOC  €AeyXoC  LooTnTaC.
looduvapel pe tov teheotr) ==.

JTOLYELAKOC €AEyXOC avloOTNTAC.
looduvapel pe tov tedeotn !=.

Jtolxelakol  €AeyxoL  Slatagnc:
peyaAUtepo amo (gt, >), peyohltepo
1 oo (ge, >=), LkpoTEPO aro (It, <),
HLKpOTEPO N oo (le, <=) .

EAéyxeL av TO oOTOlEla  €VOG
DataFrame n pLag Series
TIEPLEXOVTAL OE WL OUYKEKPLUEVN
Alota ] GUVOAO TLUWV .

Mropel va xpnolpomolnBei yia Tt
OTOLXElaK oUYKplon 6&Uo oTtnAwvV
Tou (6lou DataFrame .

Juykpivel Suo OAOKANpa
DataFrames () Series) yla va &gt av
elvat akppwg idla,
OUUTTEPIA AL BOVOUEVWY TWV

dedopévwy, Twv Selktwy (index) kat
TWV OVOMATWV otnAwv. Emiotpédel
€va povo boolean (True 1 False) .

JuykpiveL &uo DataFrames kat
eTuotpedel éva véo DataFrame mou
eronuaivel tig Slabopég Toug .

Xpnowuorotwovvtar o€ boolean
TIHVAKEC (rx. QmoTéAECUA
olyKkplong) ywa va eAéyéouv av
UTLAPXEL TOUAG)LOTOV pia any() A av
OAgq all() oL tiuég elvar True .

M£Bobo¢g yla otnAeg string. EA&éyyel
ov n oupPolooslpd oe KABe KeAl
TIEPLEXEL éva OUYKEKPLUEVO
UTOCTPWU (pattern) .

df['Marks'].eq(62)
Emotpédel pia  boolean
Series mou eival True yla
KaBe ypauun oOmou o
BaBuog eival 62.
df[df['Katactaon'].ne('Eve
pvo')]

ErAéyel OAeC TIG YPOMUES
Omou n kotdoctoon Oev
elvat 'Evepyo’.
df[df['Twun'].gt(100)]
EmAéyel ypappéG Omou n
TN elval peyoAltepn amo
100.
df[df['MOoAn'].isin(['ABrva’,
'©@ecoalovikn'])]
Emiotpeédel 00eC YPAUES
€xouv TOAn eite 'ABnva’
elte 'Oecoalovikn'.
df['AnotéAeopa’] =
df['ZtAAn1'].eq(df['ZtAAn2']
)

Anuoupyel pa véa otnin
'AntotéAeopa’ Tou
TLEPLEXEL True OTIOU OL TLUEG
Twv U0 oTtnAWV €ival (oeq.

if dfl.equals(df2):
print("Ta DataFrames
glvat idla")

dfl.compare(df2)
Ermiotpédel éva DataFrame
ormou  eudavilovtalr ot
Sladopéc petaty Twv Suo
opxLkwv DataFrame.

if (df['HAwkia'] > 100).any():
print("Ymapyet aTouO
avw twv 100 sTtwv")

df[df['Ovopua'].str.contains(
'avva’, case=False)]
Bplokel ypappég oOmou to
ovopo TiepLEXeL 'avva' (m.y.
'lwavva', "Avva').
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df[df[' Taxudpouikog Kwdt
Kog'].str.startswith('1')]
Bplokel ypappég pe TK mou
Eexva amo 1.

EAEyxeL av oL cUBOAOCELPEG OE HLa
otAAN EekvolV N TEAELWVOUV UE Eva
OUYKEKPLUEVO UTIOCTPWHUA .

str.startswith() / str.endswit

h()

Evionilet T eA\elmouoeg TUUEC
(NaN, None). EmotpEdel Eva
boolean DataFrame/Series
omou True onuaivel "Aetmel” .

Evrtomilel TI¢ Un-eAAEIMOVOEC TLUEG.

df[df['AlebBuvon'].isna()]
Emotpédel ypappEG OMOU
n 6levBuvon AeimeL.

isna() / isnull()

df[df['email'].notna()]

EmiotpEdel £va boolean Erotpéder ypappée Smou
notna() / notnull() DataFrame/Series \ P YPOHLES \
\ , v UTTAPXEL KOTaXWPNUEVO
onou True onuaivel UTTAPXEL )
o email.
" .
Mapéxel €vav Tmo evavdyvwoto df.query('HAwio >= 18 and
Tpomo dktpapiopatog ypappwy pe OOAo == "Tuvaika"')
query() : : , . ,
xprion olvtaéng mou poldlel pe EmAéyel TIC  eVRALKEG
SQL. H ouvBnkn divetal wg string . YUVOIKEG.
df.index.isin(['Tpopun_1',
Tpappn_3")

Mmopel va eAéy€el av Ol ETIKETEG
isin() (yLa index) (labels) tou eupetnpiou (index)
OVAKOUV € Vol UVOAO TLUWV .

Emiotpedel éva  boolean
array yw TtOo ov Kdfe
ETIKETOL TOU Oeiktn elval

Tpoppn_1'f Tpopun_3'.
Mivakag 3.4.12: Médobol yia tig Zxéoelg SUykptonc (Boolean Output) twv MAaioiwv Aedouévwv

TeAeotég kat M£OodoL Zuykplong: Autd ta epyaleia gival n Baon yia th AnPn anodpdcswv: cou
ETUTPEMOUV VOl OUYKPLVELG debSopéva, va evtomilelc SLopopEC HETAEU TIVAKWY KOl VA EKTEAELC
ouVBeTOUG eAéyyoug TtoLdTNTOC.

1. Ztoxewwdng ZUykpion (Element-wise)

Onwg kat otlg aplBuntikég mpatelg, ot pEbodol eq(), ne(), gt(), k.Am. mpoodEpouv pHeyaAUTepn
gvehiflo amo Ta oUpPola (==, !=, >), ebikd oOtav OfAelg vo suBuypappioslc StadpopeTikd
DataFrames.

e eq() vs ==: H xpnion tou dfl.eq(df2) cou emitpmel va oploslg we Oa XELPLOTEIG TO KEVA )
nwe Ba yivel n euBuypApULoN TWV AfOVWV.

e isin(): Eivar o mo amodotikdg tpomog va Kavelg "dktpdplopo Alotag". Avii yia 10
Sladopetikad OR, XpnOLUOTIOLELS pLa AloTa TLHWV.

2. 20ykpilon OAGKAnpwv MvAKwWV
ESw n Pandas pag Sivel epyaldeia yia va SoUpe t "peydin swkova'.

e equals(): Mpoooxn! O teAeotn¢ == petaty 6uo DataFrames Ba cou emioTpEPel Evav mivaka
omod True/False yla kdBe kehi. Av BéAelg pia povadikn aravtnon (Nat i Oxt) yia to av dvo
Tivakeg eivat oAokAnpot idlol, n equals() eival n poévn Avon.

e compare(): Eva mavioxupo gpyaleio yia "Debugging" dedopévwv. Av €xelg 0o ekdOaELg Tou
16lou apyeiou kal B€Aelg va 6elg akplBwg tL dAAage, n compare() Ba oou Seifel TIg MaALEG
KOLL TLC VEEG TIUEG SimAa-6imAaL.
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3. NoywoiEAeyyot: any() ko all()

AuTEG oL péBodol "oupnmukvwvouv" boolean anoteAéoparta.

any(): Emwotpédel True av uTdpxel TouAdyitotov €va True otov Gfova mou efetalelc.
Xpnotuo yla va Bpelg av urtapyouv outliers  Aadn.

all(): Emotpédel True pdvo av 6Aa ta otolyeia ival True. XpAotpo yia va emBeBatwoslg otL
ta 6edopéva oou mMANpPoLv pla mpolndbeon (m.x. "elval OAeg oL nuepounvieg evtog tou
2024;").

4. E¢s18ikeupévol EAgyyol (Strings & Nulls)

str.contains(): H dUvapun twv Regular Expressions (Regex). Mmopeig va Pacelg yla cuvBeTa
potiBa (m.x. emails ) tTNAépwva) péoa og OTHAEG KELUEVOU.

isna() / notna(): H Bdon tou kaBoplopol bSedopévwy. Xwpic auvtd, Sev umopeic va
TIPOXWPNOEL, O KOplo OTATIOTIKA avaAuon, KaBwg oL KEVEG TIHEC aAAOLwVOUV TA
anoteAéopara.

5. H ué6odog query()

H query() eivat n o "kopn" péBodoc tng Pandas. Emutpénel tn ocuyypadr cuvOnkwv wg Kelpevo,
KATL TIOU KAVEL Tov Kwdka va Stapaletal oav puoikr) yh\wooa rj SQL. Elval Wblaitepa amodotikr os

TOAU peydAo DataFrames.

ZNHOVTIKEG ONUELWOELG

Acadewa otn Z0ykpon: H Python kot n Pandas Sev emitpgmouv tn Xprion €vog oAOkAnpou
boolean DataFrame rj Series (m.x. df > 5) aneuBelog o pia ocuvOnkn if, yati to anotéAeopa
gival moAamlwy Tipwy Kat apa Stpopolpevo. MNa auto To Adyo XpnoLponoloUpe pebddoug
onwg n .any() A n .all() yia va to "cupnukvwooupe" os pia povadiky boolean tiun .

Teleotng in: 2 éva DataFrame, o TeAeoTNG in eEAEYXEL av Eval OVOLLO UTIAPXEL OTLG OTAAEG KOl
oxL ota &edopéva . MNa mapadeypa, 'HAkia' in df eAéyxel av umdpxel othAn He Ovopa
"HAwia'.

T0ykpion Me NaN: Na Bupdote OtL n ouUykplon He Tyég NaN €xel blattepdtnrec. lMNa
napadelypa, NaN == NaN eruotpédel False. Ma TOV €VtOTUOUO €AAEUTOUCWY  TLUWV
XpnotpomnotloUpe ravra twg isna() / isnull() .

import pandas as pd
import numpy as np

B o
# Anuioupyla delypatog DataFrame pe molkilAlo dedopévaov
# ___________________________________________________________________
print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 70)
data = {

'Name': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni', 'Dimitris',

'Sofia', 'John', 'Alice', 'Bob'l],

'"Age': [25, 30, 28, 35, 22, 27, 24, 40, 31, 291,
'Gender': ['Female', 'Male', 'Female', 'Male', 'Female',6 'Male',

'Female', 'Male', 'Female', 'Male'l],
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'City': ['Athens', 'Thessaloniki', 'Patras', 'Heraklion', 'Volos',
'Chania', 'Larisa', 'London', 'Paris', 'Tokyo'l,

'Salary': [50000, 60000, 55000, 65000, 48000, 62000, 51000, 80000,
75000, 700007,

'Department': ['Sales', 'IT', 'Sales', 'HR', 'IT', 'Sales', 'HR', 'IT',
'Sales', 'HR']
}

# ELooywyh HMePLROV €AAELTIOUCHOV TLUOV Via e€nidelén isna/notna
data['Salary'][5] = np.nan
data['City'][2] = np.nan

df = pd.DataFrame (data, index=[f'Row{i}' for i in range(l, 11)1])
print ("Apx k6 DataFrame:")

print (df)

print ("\nllAnpoeoplec TUmwv:")

print (df.dtypes)

print("\n" + H:H*loo + "\1’1")

# ___________________________________________________________________
# 1. BAYIKOI TEAEITEY IYTKPIZHZ (>, <, ==, !=, <=, >=)

# ___________________________________________________________________

print("1. BASIKOI TEAESTEX SYI'KPIZHS")
print("-" * 50)

# MeyoAUTepo amd
print("df['Age'] > 28:")
print (df['Age'] > 28)
print()

# dLATpdpLopa pe B&on T OUvVONKDn
print ("df[df['Age'] > 28] (ypoapupéc pe Age > 28):")
print (df[df['Age'] > 28][['Name', 'Age'll)

print()

# IodInto

print("df['Gender'] == 'Female':")

print(df['Gender'] == 'Female')

print()

# ALdopopo

print ("df [df['Department'] != 'Sales']:")

print (df [df['Department'] !'= 'Sales'][['Name', 'Department']])
print()

# Tuvduoaoudc ouvOnxkodv ue & (KAI) kot | (H)

print ("df[ (df['Age'] >= 30) & (df['Gender'] == 'Male')]:")
print(df[(df['Age'] >= 30) & (df['Gender'] == 'Male')][['Name',6 'Age',
'Gender']])

print()

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________
# 2. MEGOAOI XYTI'KPIXHX (eq, ne, gt, ge, 1lt, le)

# ___________________________________________________________________

print("2. MEGOAOI SYI'KPISHZ")
print("-" * 50)

# eq() - (oo ue

print("df['Age'].eq(27):")
print(df['Age']l.eq(27))
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print()

# ne() - o6xL (oo

print ("df [df['Department'].ne('IT')][['Name', 'Department']]:")
print (df[df['Department'] . .ne('IT')][['Name', 'Department']])
print()

# gt () - peyoAlGtepo amd

print ("df['Salary'].gt (60000):")
print(df['Salary'].gt(60000))
print()

# ge () - peyoAUtepo 17 (oo
print("df['Age'].ge(30) :")
print(df['Age'].ge(30))
print()

# 1t () - pixpdtepo amd
print("df['Salary'].1lt (55000) :")
print(df['Salary'].1t(55000))
print()

# le() - pixpdtepo 1 (oo
print("df['Age'].le(25):")
print(df['Age'].1le(25))
print()

# TUykplLon dUo otnAdv ue eq (m.x. Age KoL pla véa OTHAD)
df['Age copy'] = df['Age'] # dnuLoupyolpe aviliypapo ylLa oUyKpELOT

print ("df['Age'].eq(df['Age copy']) - oUyxplLon otniov:")
print(df['Age'].eq(df['Age copy'l))

print()

print("\n" + ll:ll*loo + ll\nll)

# ___________________________________________________________________
# 3. isin() - EAETXOZ ZE AISTA TIMON

# ___________________________________________________________________
print("3. isin()")

print("-" * 50)

# EAeyxog oe OTHAN

cities = ['Athens', 'London', 'Paris']
print (f"df['City'].isin({cities}):")
print(df['City'].isin(cities))

print()

# dLATpdpLlopa pe isin
print("df[df['City'].isin(cities)][['Name', 'City']]l:")
print(df[df['City'].isin(cities)][['Name', 'City']])
print()

# Avilotpopo pe ~ (6xL)
print("df[~df['City'].isin(cities)][['Name', 'City']]l:")
print (df[~df['City'].isin(cities)][['Name', 'City']])
print ()

# isin() yia éAeyxo index

print("df.index.isin(['Rowl', 'Row3', 'Row5']):")
print(df.index.isin(['Rowl', 'Row3', 'Row5']))

print()

print("\n" + "="*100 + "\n")
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# 4. equals() xoaL compare() - ZYI'KPIZH DATAFRAMES

# ___________________________________________________________________
print("4. equals () xoalL compare()")

print("-" * 50)

# Anutloupyla aviLypdownv

dfl = df.copy()

df2 = df.copy()

df2.loc['Row2', 'Age'l = 99 # odlayn oe &va kell

# equals () - emiotpépel éva boolean
print("dfl.equals (dfl):", dfl.equals(dfl))
print("dfl.equals (df2):", dfl.equals(df2))
print()

# compare () - emiLotpéeel DataFrame pe O LaQoOpPEQ
print ("dfl.compare (df2) : ")
print (dfl.compare (df2))

print()

print("\n" + n:n*loo + H\nll)
L ——
# 5. any () xalL all() - EAETXOY Boolean ITOIXEIQN

# ___________________________________________________________________

print("5. any () xot all()")
print("-" * 50)

# EAeyxog ov undpxel ToOUAdxlLotov &va &topo &vwe Twv 60

print (" (df['Age'] > 60) .any():", (df['Age']l > 60).any())
print (" (df['Age'] > 40) .any():", (df['Age']l > 40).any())

print()

# EAeyxoc av O6Aeg ol nAitkieg elvoar > 18

print (" (df['Age'] > 18).all():", (df['Age'l > 18).all())

print()

# Y& boolean DataFrame (m.X. QmoTéA£0oux isna)

print("df.isna() .any(axis=0) - othAeg pe TOoUA&XLOTOV &éva NaN:")
print(df.isna() .any(axis=0))

print("df.isna() .all (axis=1) - ypoppéc pe O6Aa Ta otolyxela NaN (dev undpxel
kopta) = ")

print(df.isna() .all (axis=1))

print()

print("\n" + "="*lOO + H\nll)

B
# 6. MEGOAOI STRING: contains, startswith, endswith

# ___________________________________________________________________
print("6. MEGOAOI STRING")

print("-" * 50)

# str.contains () - meplLéxel undéorpwua (case=False yla un svalodnoia meldv-
KepaAalwv)

print ("df[df['Name'].str.contains('an', case=False)][['Name']]:")

print (df [df['Name'].str.contains('an', case=False)][['Name']l])
print ()

# str.startswith ()
print("df[df['City'].str.startswith('L', na=False)][['City']]:")
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print(df[df['City'].str.startswith('L', na=False)][['City']])
print ()

# str.endswith ()

print("df [df['Name'].str.endswith('a', na=False)][['Name']]:")
print (df [df['Name'].str.endswith('a', na=False)][['Name']])
print()

Print("\l’l" + ll:ll*loo + "\1’1")

# _________________________________________________________________
# 7. isna() / isnull() xalL notna() / notnull ()

# _________________________________________________________________

print("7. EAeyXO0C €AAELIIOUCHV T LUOV")
print("-" * 50)

# isna ()

print("df.isna () :")

print(df.isna())

print()

# isnull () (i{dLo pe isna)

print("df.isnull () ({dLo):")
print(df.isnull())

print()

# notna ()

print ("df.notna () :")

print(df.notna())

print()

# dLATpApLopa ue isna ()
print("df[df['City'].isna()][['Name', 'City']]:")
print(df[df['City'].isna()][['Name', 'City']])
print()

# dLATp&pLlopa pe notna ()
print("df[df['Salary'].notna()][['Name', 'Salary']l]l:")
print(df[df['Salary'].notna()][['Name', 'Salary']l]l)
print()

print("\n" + n:n*loo + H\nll)

# _________________________________________________________________
# 8. query() - dLATpdplopa pe oUviwaén ocov SQL

# _________________________________________________________________

print("8. query()")
print("-" * 50)

# AnAN oOUVONKn

print("df.query('Age > 30'):")

print(df.query('Age > 30") [['Name', "Age']ll)

print()

# Tuvduaoudc ouvenkidV

print("df.query ('Age >= 25 and Gender == \"Female\"'):")

print (df.query('Age >= 25 and Gender == "Female"')[['Name', 'Age',
'Gender']1])

print ()

# Xphon petoBAntic pe @
threshold = 60000
print(f"df.query('Salary > @threshold'):")
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print (df.query('Salary > @threshold')[['Name', 'Salary'll)

print ()

print("\n" 4+ "="*100 + "\n")

# ___________________________________________________________________
# 9. isin() vyia index (1o e(dape Ndn oT10 3, OAA& TO emOVOAXPRAVOUUE VL
TAnedInIA)

# ___________________________________________________________________
print("9. isin() ylLa index")

print("-" * 50)

print("df.index.isin(['Rowl', 'Row4', 'Row7']):")
print(df.index.isin(['Rowl', 'Row4', 'Row7']))

print ()

# ___________________________________________________________________
# 10. TIAPAAEITMA XYNAYASMOY MEGOAQN

# ___________________________________________________________________
print("10. IYNAYASMOYX MEGOAQN")

print("-" * 50)

# EUpeon atdépwv mou eival &ve tov 30 kot dev eival oto Sales
result = df[(df['Age'].gt(30)) & (df['Department'].ne('Sales'))]
print ("Atouax >30 kol OxL Sales:")

print(result[['Name', 'Age', 'Department']l])

print()

# EUpeon mdrewv mou mepléxouv 'o' ) 'i' xwplcg diLdkplon meldVv-KeQUAX{wV
pattern cities = df[df['City'].str.contains('o[i', case=False, na=False)]

print ("II6Aei1c mou mepléxouv 'o' f 'i':")
print(pattern cities[['Name', 'City'l])
print()

print("\n" + H:n*loo + H\nll)

print("TEAOZ [IPOT'PAMMATOS"™)
K. 3.4.12: Mapadsiyua yia ti¢c Medobouc yLa T 2xéoeic SUykptong twv MAaioiwv Asbouévwv

3.4.12. MovadIKEG TUUEG & ZUXVOTNTEC

MéBodo¢g Nepypadn) Napddeypa
Emiotpédel évav mivaka (array)
ME TIGC MOVOOIKEG TIMEG HLAG
otnAnG (Series). Aev emiotpédel

OUXVOTNTEG, LOVO TLG TIUEG.

df['Xpwpa'l.unique()
Emtiotpécet: ['Kokkivo' 'MTAe'
'Mpaowvo']

unique()

Ermuotpedel ToV aptduo (integer)
TWV HOVOSIKWY TIHWV OF L
otnAn 1 og OAOKAnpo TO
DataFrame. H
napapeTpog dropna=False cupmne
pLAapBavel kat Tig TLuéES NaN.

df['Xpwpa'l.nunique()
Emiotpéet: 3

df.nunique()
Emiotpéet To mAndoc povadikwv
TIWV Yl kade otnAn.
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value_counts()

groupby().size() | groupby
().count()

pd.crosstab()

describe()

YriohoyiZel uLo ouxvotnta
(frequency table). Emiotpédel pLa
Series € TG LOVOSLKEG TULEG WG
beiktn (index) kot to mMANRBOG

EUPAVIONG TOUG WG  TLUEG.
AloBéTel TIOPOLLLETPOUG
onwg normalize=True yLa

OXETLKEG OUXVOTNTEG

(moooota), sort=False, dropna=F

alse.

Xpnolormoleital ylo Tnv Upeon
HOVOSIKWY OUVOUOUWY TLUWV

ano évo n TIEPLOCOTEPEG
OTNAEG KOL TNV KATAUETPNON TNG
oUXVOTNTAC TOUG.
H size() emwotpédel to TANROOG
kaBe opadag, AopPavovrtag
urodn kat tig TéEG NaN (wg
Eexwplotn opada).

H count() amokAsietL tig NaN.
Juvaptnon ywa tn Snuioupyia

gvoG mivaka  Stactalpwong
(cross-tabulation), Tou
uTtoAoyilel ™ ouxvotnta
gudaAviIoNg TwWV  CUVOUOCLWV
TILWV UETOED Suo n

TMEPLOCOTEPWY oTNAWV. Elval mio
Kovtd otnv €&vvola Ttou '"pivot
table" yia ouyvotnteg.

Mapéxel plo ypriyopn ouvoun
Twv Oebopévwy. Ma otnAeg pe

QVTIKE(HEVOL (object) n
KOTNYOPLKA Sebopéva,
enmotpEdeL: count, unique, top (n
mo ouxvl Twn) kadfreq(n

OUXVOTNTA TNG TILO CUXVAG TLUAC).

df['Xpwpa'].value_counts()
EmotpEqet:

MrAe 12

Kokkivo 8

Mpactvo 5

df['Xpwpa'].value_counts(normaliz
e=True)
EnotpEpel moooota.

df.groupby(['Emwvupo’,
"Ovopa']).size().reset_index(name=
'Yuyvotnta')

Anutoupyei éva véo DataFrame ue
otnAeg: Enwvuuo, Ovoua,
Zuyvotnrta.

pd.crosstab(df['®UAo'],
df["Xpwpa'])

Anutoupyei évav miivaka 6mou ot
VPOUUEG eival Ta povadikd 'Qulo’,
oL atnAec ta povadika 'Xpwua', kot
T KEALA TTEPLEXOLV TO ANBOC
EU@avong.

df['Xpwpa'].describe()
Emiotpécet:

count 25

unique 3

top MmAe

freq 12

Mivakacg 3.4.13: MéGobot yia tnv AvaAuon Movadikotntac kot Suyvotntag twv MMAatoiwv Asdouévwv

Je auth tnv evotnta efetaloupe TIC HeOOSoug Movadikotntag Kot Zuxvotntag. AUTEG oL
ouvaptnoelg sival ta "pata" pag otav mpoomabolpe va KAataAdPoupe ThV TOLOTATO KOL TRV
MoK la Twv Katnyoplkwy dedopévwy (m.x. NMoAeLg, Npoidvta, Katnyopieg).

1. Movadikég TipEG: unique() kat nunique()

AuTEG oL pEBoboL pag Aéve "TL umapxel" kal "mooa SLadopETIKA TTPAYHATA UTIAPXOUV" oTn OTHAN

Hag.

e unique(): Emotpédel éva NumPy array. Eival xprolpo otav B€Aelg va 8sig ypriyopa ov
umapyouv opBoypadikd Aabn (m.x. va deic "ABnva" kat "ABnva" wg S0 SLOPOPETIKES

TLUEC).
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e nunique(): Eruotpédel évav apOud. Eival e€alpetikd XpAoLUo Yo va eAEYEELS av ULoL oTAAN
prnopel va xpnolpevoel we "Primary Key" (av o aplOudc povadikwy TIUWwV L.ooUTaL e ToV
aPLOUO TWV YPOUUWVY).

2. Zuxvotnteg: value_counts()

AuTth eilval lowg n o ayamnuévn péEBodog Twv avaAutwy. METATPENEL Lo OTHAN O €va Ypriyopo
OTATLOTIKO SeAtio.

e normalize=True: Avti yla anoAuta vouuepa (10, 20, 30), cou Sivel mocoota (0.1, 0.2, 0.3).
Elvat o mio ypriyopog tpomog va el "To 40% Twv MwANoewv gival ano to Mme xpwua'.

e sort=True: Ao mpoemdoyn, n Pandas Balel Tnv mio cuyvn T mpwtn. Auto os Bonba va
EVTOTIOELG AUEOWCE TOUG "MPpWTaywVLoTES" Tou dataset cou.

3. 20vOeteg Zuxvotnteg: groupby() kat pd.crosstab()
Otav n pia othAn Sev apkel kat B€AeLg va delg mwg cuvdualovtal SUo PeTafAnTEC.
e groupby().size(): Zou Seixvel mooec popéc epdaviletal kabBe cuvSuaouoc.
o MNapdabeyua: Nooot "Nanadonouviol” ovoudlovral "Mavvng".

e pd.crosstab(): Elval n "BaciAlooa" tng olykplong katnyopLwy. Anpioupyel évav mivaka §Uo
Slootdoswv mou eival oAU 1o eUkoAo va Stofaoctel amnod évav amid kataloyo.

o MNapdabetyua: Evag mivakog 0mou oL ypapueg ival "Avépeg/Tuvaikeg" kot oL 6TAAEG
"iPhone/Android". To keAld Bo cou Tmouv akpBwg mocoL avAKouv ot KAOe
katnyoplia.

4. describe() yia Katnyoptkd AsSopéva

MoAAol ypnowuomololv tnv describe() povo yia aplBpoucg (néoog Opog, K.AT.). Ouwg, av tnv
edapuooelg oe otNAN e Kelpevo, oou bivel 4 kplolpa otolxeia:

1. count: MOCEC PUN-KEVEC TLUEG UTTAPXOUV.

2. unique: Mooec SladopeTIKES KATNYOPLEC.

3. top: Nola eivat n emikpatovoa TN (to "mode").

4. freq: Néoeg popég epdaviletal n emkpatoloa TLUN.

import pandas as pd
import numpy as np

print(”AHWOYJMA AEITMATOX Data%'fame”)
print("-" * 70)

# Tuxoalegc TLPéC VIO avAIoPAy®y LPpoTNTN
# Tuxoalec TLPéC VIO avamIopay®y LpdTnITo

np.random.seed (42)

data = {
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'Color': np.random.choice(['Red', 'Blue', 'Green', 'Yellow'], size=20,
p=[0.4, 0.3, 0.2, 0.1]),

'Size': np.random.choice(['S', 'M', 'L', 'XL'], size=20),

'"Price': np.random.randint (10, 100, size=20).astype(float), # <--
ALopBwon €d®

'Category': np.random.choice(['A', 'B', 'C'], size=20),

'"InStock': np.random.choice([True, False], size=20),

'"Customer': np.random.choice(['John', 'Anna', 'George',6 'Eleni',
'Nikos'], size=20)
}
# ELooywyn peplk®v NaN
data['Color'][5] = np.nan
data['Size'][10] = np.nan
data['Price'][15] = np.nan # Topo douleUel Xwplc ocpdiupa

df = pd.DataFrame (data)

print ("Apx1xd DataFrame (mpodteg 10 ypouupéc) :")
print (df.head(10))

print ("\nlIAnpopopliegc otnAdv:")

print (df.dtypes)

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________
# 1. unique () - Movadlkég TLHEQ PLag OTAANG (emiotpépel array)

# ___________________________________________________________________
print("1. unique()")

print("-" * 50)

# unique () og XATNYopP LK OTNAQ

unique colors = df['Color'].unique()

print("df['Color'] .unique() :")

print (unique colors)
print ("TUnoc emioTpoenc:", type(unique colors))

print()

# unique () oce aplOunT LK) OTHAN (v Kol OUVABWC xpnoiLpomolieitol o€
KOTNYOPLKEQ)

unique prices = df['Price'].unique()

print("df['Price'].unique () (nepltxécg TLuéC):")

print (unique prices[:5], "...") # delxvoupe pévo 1TLC mPOTEG 5
print("\n" + nzn*loo + H\nll)

# ___________________________________________________________________
# 2. nunique () - IANGOGC POVADLKOV T LUOV

# ___________________________________________________________________
print("2. nunique()")

print("-" * 50)

# TIIANBGoC povadlxhdv oe ula oTNAn (mpoemiioyn dropna=True)
print("df['Color'] .nunique () (dropna=True):", df['Color'].nunique())
print("df['Color'] .nunique (dropna=False) (ocuuneplioupével NaN) : ",
df['Color'] .nunique (dropna=False))

print()

# nunique () oe 6Ao 1o DataFrame

print("df.nunique () (ov& otnAn, dropna=True) :")

print (df.nunique())

print ()

print ("df.nunique (dropna=False) : ")

print (df.nunique (dropna=False))
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Print("\n" + ":"*100 + ll\nll)

# ___________________________________________________________________
# 3. value counts() - II{vaKag OUXVOTIHT®OV

# ___________________________________________________________________
print("3. value counts()")

print("-" * 50)

# AmAN KOTOUETPENON

print ("df['Color'].value counts():")
print(df['Color'].value counts())
print()

# JupnmepiAnyn NaN

print ("df['Color'] .value counts (dropna=False) :")
print(df['Color'].value counts(dropna=False))
print()

# Ixetiréc ouxvoétnteg (mocootd)

print ("df['Color'].value counts (normalize=True) :")
print(df['Color'].value counts(normalize=True))

print()

# Toflvounon xatd aieafntLlkh oelpd (OxL KATA ouxvornta)

print ("df['Color'].value counts (sort=False):")
print(df['Color'].value counts(sort=False))

print()

# value counts() oe apLbuntixn otAAn (yivovrial ou&deg av& TLun)

print ("df['Price'].value counts () .head():")

print (df['Price'].value counts () .head())

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________
# 4. groupby().size() xal groupby () .count () - ZTuxvoérnteg ouvOUACUDV

# ___________________________________________________________________

print("4. groupby () .size () koL groupby () .count ()")
print("-" * 50)

# groupby () .size() - emiotpépel Series pe mAnBog ypappdv avd ouddo
(oupmepLAappBdvel NaN wg opdda)

print("df.groupby (['Color', 'Size']).size():")

print (df.groupby(['Color', 'Size']).size())

print()

# T'la xoAUTepn napouciaon, pertatpomnyy ce DataFrame
size df = df.groupby(['Color', 'Size']).size() .reset index(name='Count')

print ("Qc DataFrame pe reset index():")

print(size df)

print()

# groupby () .count () - enmiLoTpépel DataFrame pe ODANOOC PN-KeVHV TLROV avd

oTHAN via r&Be ou&da.
# T'lta va mdpoupe To TARBOC TV YPUUU®dVY (6mwe size) upmopoUpe vo
XPNO LPOIIO LHCOUPE OmOo LadATIoTEeE OTHAN.

print ("df.groupby (['Color', 'Size']).count() (emiotpépel TOAAEGC oThAEeg) :")
print (df.groupby(['Color', 'Size']).count())

print ()

# JuvhBwc xpnolupomoloUpe ula otfhAn, m.x. 'Price', yia va mdpoupe 1o count

({310 pe size aAA& ayvoel NaN otnv Price)
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print("df.groupby (['Color', 'Size']) ['Price'].count():")
print (df.groupby(['Color', 'Size']l)['Price'].count())

print("\n" + H:H*loo + "\1’1")

# ___________________________________________________________________
# 5. pd.crosstab () - IDivaxkog dLaoTaTpPWONG

# ___________________________________________________________________

print("5. pd.crosstab()")
print("-" * 50)

# AnAdc mivoxoag dlacTaUpwong petoféU dUo0 OTnAGV
crosstab result = pd.crosstab(df['Color'], df['Size'])
print("pd.crosstab (df['Color'], df['Size']):")
print(crosstab result)

print()

# MpooBnxn meplbwpluv (oUvold)

crosstab margins = pd.crosstab(df['Color'], df['Size'], margins=True,
margins_ name='Z({voAio')

print ("Me margins=True:")

print (crosstab margins)

print()

# Kovovixkomoinon (mocootd)
crosstab norm = pd.crosstab(df['Color'], df['Size'], normalize='index') #

ova ypaupn

print("normalize='"index' (mocooct& av& ypoappn) : ")
print(crosstab norm.round(2))
print()

crosstab norm col = pd.crosstab(df['Color'], df['Size'],
normalize='columns')

print("normalize='columns' (mocooct& av& OTHAn) : ")
print(crosstab norm col.round(2))
print()

# Crosstab pe 1peilg dLaoctdoelc (emiotpépel DataFrame pe MultiIndex)
crosstab 3d = pd.crosstab([df['Color'], df['Size']], df['Category'l])

print("pd.crosstab ([df['Color'], df['Size']], df['Category']):")
print(crosstab 3d)

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________
# 6. describe () vlia XKAaTnyopLlLkKEéQ OTNAEQ

# ___________________________________________________________________
print("6. describe () via xatnyoplkéc otnieg")

print("-" * 50)

# T'la xatnyoplkn oOTHAn (object 1 category), n describe() emiLotpépel:
# count, unique, top, freqg

print("df['Color'] .describe () : ")
print(df['Color'].describe())
print()

# Tla 6Aec TLC oOthAeg, n describe () ocuunmeptdoufdvel pdévo aplduntLrég, €xT1O6Q
av dnAwbel include='all'

print("df.describe (include="all') (mepLdoppdvel KATNYOPLKEQ) : ")

print (df.describe(include='all').T) # .T via XaAUtepn £uedv Lon

print()

# Tlta va doUupe pdévo xatnyoplkécg: include=['object', 'category']
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print("df.describe (include=["'object', 'bool']):")
print (df.describe(include=["'object', 'bool']))
Print("\l’l" + ll:ll*loo + "\1’1")

# 7. IpdocBeto: value counts() via moAXéc otnAeg (ue groupby)

print("7. value counts()

print("-" * 50)

# 31TLc oUyxpoveg €xdboelg pandas,

DataFrame

print("df[['Color',
print(df[['Color',

print()

print ("TENOS [IPOT'PAMMATOX")

K. 3.4.13: Napadetyua Medodwv yia tnv AvaAuaon Movadikotntag kot Suxvotntag twv MAatoiwv AsdSougvwv

3.4.13. MéBobol Kelpévou (str accessor)

Yl TOAAEQ OTNAEQ

n value counts/()

'Size']].value counts()
'Size'l]l.value counts())

(LoodUvapo groupby () .size())"™)

:ll)

M£6060¢ Nepypadn Nopadelypa

Metatponn

Kedbalaiwv/Nelwv

(Case Conversion)

lower() Memtp’enst oAoug t?uq df["Ovopa'].str.lower()
XOPOKTNPEG o€ Te(OUG.
MetatpEmnel OAOUC TOUG ~

upper() e df['Xwpa'].str.upper()
KAQveL Tov mpwTo XapoKTpa

capitalize() kedbaAaio KoL Toug df['Mepypadn'].str.capitalize()
urtoAououc nelouc.

title() ;gg";q‘ zggg& .Vp““““ KBE i1 aevBuVOnstr.title()
AM\aZeL Toug telolg o€

swapcase() kedaAaioug KaL Toug df['Kelpevo'].str.swapcase()
kedaAaioug oe meloug.

Adaipeon &

ZupnAnpwon Kevwv

(Whitespace

Removal & Padding)

strip()

Istrip()

rstrip()

Adatpel Ta kevd (whitespace)
amd TNV apxr KaL To TEAOG TNG
OUMPOAOCELPAG.

Adatpel Ta KEVA LOVO amo TNV
apxn (aplotepd) Tng
OUMPBOAOOELPAG.

Adatpel Ta kevd povo amod To
TENOC (6e€Ld) TG
OUMPOAOOELPAG.

df["Ovopa'].str.strip()

df['Xpnotnc'l.str.Istrip()

df['ZxoAto'].str.rstrip()

umopel va spapuoctel oe
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pad()

center()

fill()

AloxwplLopog &
Avtikataotaon
(Splitting &
Replacing)

split(pat, expand)

rsplit(pat, expand)

replace(pat, repl,
regex)

repeat(repeats)

cat(sep, na_rep)

get_dummies()

E§aywyn &
Avaintnon pe

Kavovikég Ekdppacelg

(Regex)

extract(pat, expand)

extractall(pat)

MNpooBETel xapaktpeg (amo
TLPOETILAOYI KEVA) OTNV
aplotepn, 6&€la n kal otig SUo
TIAEUPEG EXPL VA PTAOEL EVaL
OUYKEKPLLEVO RKOG.
Kevtpapel tn cupPorooelpa
TIPOOBETOVTAG XOPAKTAPEG
(T.X. Keva) ekoTEPWOEV.
JUUTTANPWVEL TNV 0PLOTEPN
TIAEUPA TNG CUBOAOCELPAC LIE
pUn6evika.

Alaxwpilel kabe
oupPoloaoelpd e Baon Eva
SLoXWPLOTLKO (pat).

Av expand=True, eTLOTPEPEL
DataFrame.

‘Opolo pe 1o split, aAAa Eekiva
amo ta 6e€la.

AvtikaBlotd £va potifo (pat)
LE pa AAAN cupPolooelpa
(repl). Ymootnpilel KAVOVLKEG
ekdpaoelg (regex).
EmavalapBavel kabe
OUPBONOCELPA CUYKEKPLUEVO
aplOuo dopwv.

JUVEVWVEL T OTOLXELD LA
oElpAg (Series) o€ pa eviaia
oupBolooelpa.

Alaxwpilel kabe
oupBoloocelpa oe
PevdopetafAntéc (dummy
variables).

E€dyel opnadeg amod pia
Kavovikn ékdpaon (pat) wg
VEEG OTNAEG.

E€ayel OAEG TIC OASEC Ao
kaBe oupBolooelpa (Otav Eva
potipo gudaviletol TOANEG

$ope).

df['Kwdwkoc'].str.pad(width=10, side="left’,

fillchar='0")

df['TitAoc'].str.center(20, '-')

df['Taxubpopikog_Kwdwag'].str.zfill(5)

df[['Ovoua’, 'EniBeto']] =
df['NMArRpeg_Ovopa'].str.split(" ',
expand=True)

df['Awadpopun'].str.rsplit('/', n=1,

expand=True)

df['Huepopunvia'l.str.replace('/
regex=False)

L
’ ’

df['Aotepiokoc'].str.repeat(3) # m.x. o ‘A’

yivetat 'AAA’

df['AéEn'].str.cat(sep=", ')

df['Xpwpa'].str.get_dummies(sep=",'

df[['NoAn', 'TK']] =

df['TomoBeoia'].str.extract(r'(.+), (\d{5})')

df['Znuewoelg'].str.extractall(r'#(\w+)')
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contains(pat, case,
regex)

match(pat)

findall(pat)

count(pat)

‘EAeyxot
Neplexopévou &
Mnkog

len()

startswith(pat)

endswith(pat)

isalnum()

isalpha()

isdigit()

isnumeric()

isspace()

islower()

isupper()

istitle()

Avaintnon pe
Eupetrplo (Indexing)

EA€yxeL av KAOe
OUMPBOAOCELPA TTEPLEXEL EVaL
OUYKEKPLUEVO poTiPo (pat).
Emotpedel boolean Series.
EAEyxeL av kaBe
oupBolooelpa EeKva e Eva
OUYKEKPLLEVO HoTiBo (pat).
Bplokel OAeG TIg epdavioelg
€VOG potifou (pat) oe kaBe
oupBoAocelpa.

Metpael mooeg hoPEC
endaviletal eva potipo (pat)
o€ kKaBe cupPorooelpa.

YmoAoyilel To prKog (aptbuo
XOPAKTAPWYV) KAOe
oUMPOAOCELPAG.

EA€yxeL av kaOe
oupBoAoCELPA EEKLVA HE EVal
OUYKEKPLUEVO poTiPo.

EA€yxel av kaOe
OUMPOAOCELPA TEAELWVEL UE
£VOl CUYKEKPLUEVO LoTiPo.
EA€yxeL oV OAOL OL XOPOKTIPEG
elvat aAdpaplBuntikol
(ypaupata n aplBuot).
EA€yxeL oV OAOL OL XOPOKTIPEG
elvat aAdopntol.

EA€yxXeL 0V OAOL OL XOPOIKTIPEG
elvat aplOpot.

Mapopolo pe to isdigit, aAAa
avayvwpilel kot GAAOUG

apLOUNTIKOUG XOPOKTHPEG (TL.X.

KAdopata).

EA€yxXeL 0V OAOL OL XOPOKTIPEG
elvat keva (whitespace).
EA€yxeL oV OAOL OL XOPOKTIPEG
elval nefol.

EA€yxeL oV OAOL OL XOPOKTIPEG
elvat kedpalaiot.

EA€yxeL av KOs
oUMPOAOCELPA EXEL LOPDN)
TitAou (kaBe AEEN Eexva pe
kedaAaio).

df[df['Zx0AL0'].str.contains('kaAog',
case=False)]

df['Kwdwdg_Mpoidvrog'].str.match(r'A[A-
Z){3})

df['Keipevo'].str.findall(r'\d+') # Bpioket
0Aoug Toug aptduoug

df['Meplodog'].str.count(r';')

df['2xoAto'].str.len().max()

df['Xwpa'].str.startswith('EM')

df['Email'].str.endswith('.gr'")

df['Kwdikog'].str.isalnum()

df["Ovopa'].str.isalpha()

df['HAwio_wg_keipevo'].str.isdigit()

df['Mocotnta'].str.isnumeric()

df['Kevi_tnAn'].str.isspace()
df['Odnyia'].str.islower()

df['TitAocg'].str.isupper()

df['BiBAio'].str.istitle()
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Maipvel To oTolyEio oTN
S [l GO L et df['Huepounvia'].str.split('-').str.get(1) #

get(i) ouppolooelpd (av n , ,
oupBolooelpa eivat Alota n Matpvet tov unvat
SloxwpLopEVN).
EmiotpEdel TN xapunAOTEPN
find(sub) B£on (index) omou Bp£bnke df['Kelpevo'].str.find('omoudaiog')
To sub, i -1 av &ev BpEOnke.
Emotpedel Tnv uPnAotepn
rfind(sub) B£on (index) omou Bp£Onke df['Kelpevo'].str.rfind('téNog')
To sub, i -1 av &ev BpEOnke.
Mapopolo pe to find, aAla
index(sub) emotpEdel ValueError av 6ev  df['Avayvwplotiko'].str.index('X')
Bpebei to potifo.
Mapopolo pe to rfind, aAAd
rindex(sub) emotpédel ValueError av 6ev  df['Avayvwplotiko'].str.rindex('X')
Bpebei to potifo.
slice(start, stop) KoBeL (slice) Kfiez-: df['?(pévoq'].str.slicse(o, 4),# Maipvet Toug
oupPBolocelpa. TTPWTOUC 4 XapaKkTNpPEeS (€T0C)
slice_replace(start, AvTlKaBLoTA £va T TNG df['TnAédwvo'].str.slice_replace(0, 3,
stop, repl) oUMPOAOCELPAG. AR

Mivakag 3.4.14: MéBobot eneéepyaoiog arpaptduntikwy (Kewuévou) ota MAaiota AsSougvwv

AuTth eival n o oAokAnpwpeévn Alota pebodwv yla Tov Xelplopo Kelpévou (String Methods) otnv
Pandas. Otav epyalopaote pe dedopéva, ol otnAeg tumou object (keipevo) eival cuyxva ol To
"akatdaotateg". H mpocBaon og autég TG ueBodoug yivetal mavta Héow Tou .str accessor.

1. KaBaplopog kat Mopdgomnoinon (Case & Whitespace)

AuTéG oL péBodol eival To mpwto Bripa oto Data Cleaning.

strip(): Amapaitntn petd amd sloaywyn 6edopévwv amd CSV 1 Excel. Tuyva umdpyxouv
KPUHMEVA Keva (Tt "ABriva ") mou eumobilouv ta ¢idtpa va Aettoupyroouv.

capitalize() vs title(): Xpnowonoinoe tnv title() yla ovopatenwvupa f dteuBuVoELG Kal TV
capitalize() yia mpotaoeslc.

zfill(): H kaAUtepn péBobdog yia tn S1opbwon kwdikwv f TK. Av évag TK eivat 1534, to zfill(5)
Ba tov kavel 01534,

2. AoaxwpLopog kot Eaywyn (Splitting & Regex)

ESw petotpemoupe pia otnAn oe MoAA£g, e€dyovtoc tnv ouaia tng mAnpodopioc.

split(expand=True): Av éxeic pio otiAn "Ovopotenwvupo", pe auth tn pébodo tn omog os
600 autovopa nedia.

extract(): Mavioxupo gpyaleio. Xpnowuomnotwvrag Kavovikég Ekppaoelg (Regex), unopeic va
"tpaPnelg” ouykekpluéva potifa, omwe emails | TNAEdwva, HEoa Ao PeyAAd KELEVAL.

get_dummies(): Metatpénet keipevo (m.x. "Kokkivo, MmAe") og otiAeg 0 kot 1. Eivaw n Baon
yla Tnv npoetolpacio Sedopévwy yia Machine Learning (One-Hot Encoding).
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3. AvaZitnon kot EAeyxog (Search & Validation)
XpnoLpomolouvTal Kupiwe yla to pIATpapLlopa Twv SeSoUEVWV.
e contains(): H rio ouyvr) uéBodog avalntnonc.

Tip: Xpnowuomnoinoe navta na=False (m.x. str.contains('abc', na=False)) yla va amoduyelg opaipata
av n otnAn nepléxel keva keAld (NaN).

e isalnum(), isdigit(), k.Ar.: 16avikég yia Data Validation. Mmopeig va BpeLg ypriyopa av o€ pLo
OTAAN TIOU £TPETIE VOl EXEL LOVO apLlOUOUG, KATIOLOC EloNYayE Katd AdBog ypaupota.

4. Indexing kau Slicing

AeltoupyoUlv akplBwg Onwg to KAaolko slicing tng Python ([start:stop]), aAAd edapuolovral os
0AOKANpPN TN OTAAN TOUTOXPOVO.

o slice(0, 4): MoAU Xpr OO YLO NUEPOUNVIEG TTOU Eival amoBOnKeUUEVEC WG Kelpevo (.. "2023-
10-05") yLa va TApELg LOVO TO £TOG.

o get(i): Av £xeLc kavel split, To get(0) maipvel To MPWTO KOUUATL, TO get(-1) to teAeutaio.

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")

print("-" * 70)
data = {

'Name': [' Anna ', 'GEORGE', 'maria', ' NIKOS ', 'Eleni', None, '
john '],

'City': ['Athens ', 'thessaloniki', ' PATRAS', 'heraklion ', ' Volos
', 'Chania', 'Larisa'l],
'Code': ['0O0O1', '002', '003', '004', '005', '006', '007']1,
'Address': ['Main St 10, Athens', 'Park Ave 5, Thessaloniki', 'Ocean
Blvd, Patras',
'Central Square, Heraklion', 'El. Venizelou 15, Volos',
'Akti 7, Chania', 'Hillside, Larisa'l],
'Date': ['2023-01-15', '2023/02/20', '2023.03.25', '2023-04-10",
'2023/05/05"', '2023.06.18', '2023-07-30'1,
'Email': ['annalexample.com', 'georgelexample.org', 'maria@example.gr',
'nikos@example.com',
'elenil@example.gr', None, 'john@example.com'],
'Text': ['To mpoldv eival eéalpettkd!', "KaAn moidinta, mnpoteiverar.',
'MéTtplo amotéAreopa', 'TéAeiro! 100% Lxavomolnuévocg',
'"Aev &&Lle ta Aeetd ToOU', 'Tpnyvopn mapddoon, euUxoplLoTd', 'Oo
10 favayopdow'],
'Mixed': ['abcl23', 'XYz456', '123', 'abc', '!@#', 'AlB2C3', ' 1,
'Tags': ['tech,gadget,new', 'home,kitchen', 'clothing,mens,women',
'books,education', 'sports,outdoor', 'toys,kids',
'automotive']
}
df = pd.DataFrame (data)
print ("ApxLxd DataFrame (mpdteg 5 ypoupéc) :")
print (df.head())
print ("\nlAnpopopieg otnAdv:")
print (df.dtypes)
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Print("\n" + ":"*100 + ll\nll)

# ___________________________________________________________________
# 1. METATPOIH KE®ANAIQN/IEZQN (CASE CONVERSION)

# ___________________________________________________________________
print("1. METATPOIIH KE®PANAIQN/TIEZQN")

print("-" * 50)

# lower () - 6AolL melol

print("lower () otnv 'Name':")

print(df['Name'].str.lower())

print()

# upper () - 6Aol xepaiaiol

print ("upper () otnv 'City':")
print(df['City'].str.upper())

print()

# capitalize() - mpdtog kxeopuAaiog, umdbrolmol melofl
print("capitalize () otnv 'Text':")
print(df['Text'].str.capitalize())

print()

# title () - x&Be AEEn ue xepodolo mpdTo ypduud

print("title() otnv 'Address':")
print (df['Address'].str.title())

print()

# swapcase() - avilLoTpo@n meldV/KeeaAalwv

print("swapcase () otnv 'Name':")

print (df['Name'].str.swapcase())

print("\n" + n:n*loo + H\nll)

# ___________________________________________________________________

# 2. APAIPEYH & IYMIAHPQXH KENQN (WHITESPACE REMOVAL & PADDING)

print("2. A®AIPEYH & IYMIAHPQSH KENQN")
print("-" * 50)

# strip() - apalpeon xevdv amd opxh KoL TEAOC
print("strip() otnv 'Name' (mpiv/peTd):")
print("IIptv:", repr(df['Name'].iloc[0]))
print("Met&:", repr(df['Name'].str.strip().iloc[0]))
print()

# lstrip() - aopoipeon oamd oploTepd
print("lstrip() otnv 'City':")
print(df['City'].str.1lstrip().tolist())
print()

# rstrip() - aopoalpeon oamd def L&
print("rstrip() otnv 'City':")
print(df['City'].str.rstrip().tolist())
print ()

# pad() - mpooBAKN XAPAKTHPWV YLla oTabepd UNKOG

print("pad() width=10, side='left', fillchar='0' otnv 'Code':")
print(df['Code'].str.pad(width=10, side='left', fillchar='0"))
print()

# center () - xevipdploua HE XUPAKINPEQ
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print("center (15, '*') otnv 'Name' (pet& amd strip) : ")
print(df['Name'].str.strip() .str.center (15, '*'"))
print()

# zfill() - ouunmdnpwon pe undev LKA apLloTepd
print("zfill (5) otnv 'Code' (fdn éxouv unxkocg 3):")
print(df['Code'].str.z£fill (5))

print("\n" + H:H*loo + n\nn)

# ___________________________________________________________________
# 3. AIAXQPISMOS & ANTIKATASTASH (SPLITTING & REPLACING)

# ___________________________________________________________________

print("3. AIAXQPIZMOY & ANTIKATASTAZH")
print("-" * 50)

# split() - dLaxwplopdc pe expand=True yla DataFrame
print("split () tnc 'Address' pe dLaxwploTikd ',', expand=True:")
address split = df['Address'].str.split(',', expand=True)
address split.columns = ['Street', 'City From Address']

print (address split)

print()

# rsplit() - dlLaxwplopdg amd de&ld (m.x. yla tedeutala AéEnN)
print("rsplit () tnc 'Address' pe n=1, expand=True:")
print(df['Address'].str.rsplit(' ', n=1, expand=True))

print()

# replace() - QVTLXKATAOTAON XAPAKTINPWV

print("replace() tng 'Date': ovtixkatdoTtoon '/' kot '.' pe '=-'")
print(df['Date'].str.replace('/', '-', regex=False).str.replace('.', '-',
regex=False))

print()

# repeat () - emavaAnlyn oupforooce Lp&qg

print("repeat (2) otnv 'Name' (pet& omd strip) : ")
print(df['Name'].str.strip() .str.repeat(2))

print()

# cat() - ouvévwon 6AwvV TV OTolxelwv pLag OTHANG

print("cat (sep="', ') Twv 'Name' (ayvodvtag NaN) :")
print(df['Name'].str.cat(sep=', ', na rep=' "))

print()

# get dummies () - YeudopetafAnTtéc amd SLAXWELOPEVEG TLREGC
print ("get dummies(sep=',') yia 'Tags':")

dummies = df['Tags'].str.get dummies (sep=',6 ")
print (dummies)

print()

Print("\n" + ll:ll*loo + H\nll)

# ___________________________________________________________________
# 4. EEATQI'H & ANAZHTHSH ME KANONIKEY EK®PAZEIY (REGEX)

# ___________________________________________________________________

print("4. EEATQI'H & ANAZHTHXH ME REGEX")
print("-" * 50)

# extract () - efaywoyn ouddwv w¢ OTNAEQ
print("extract () oamdé 'Address': potifo (.*), (.*)")
extracted = df['Address'].str.extract(r' (.*),\s*(.*)")
extracted.columns = ['Street Extract',6K 'City Extract']

print (extracted)
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print()

# extractall () - efaywoyhn OA0V TV cuoovicewv (£dd amd 'Text'
AéEEELQ)

print("extractall () amd 'Text' (b6Aeg oL Aé&elqg):")

# AnAO moapddelypo: PBploxkel Aéfelg (axodoublieg yPAUUATOV)

all words = df['Text'].str.extractall(r' (\w+)")

print(all words)

print ()
# contains () - éleyxocg Unopéng potipfou (boolean)
print("contains ('kaA', case=False) otnv 'Text':")

print (df['Text'].str.contains('xo)\', case=False, na=False))
print()

# match() - &Xeyxoc ov &exivd pe potipo

print("match (r'*[A-Z]"') otnv 'Name' (pet& omd strip) :")
print (df['Name'].str.strip() .str.match(r'"[A-Z]"', na=False))
print()

# findall () - eUpeon SA®V TOV P LOUOV
print("findall (r'\\d+') otnv 'Mixed':")
print(df['Mixed'].str.findall(r'\d+"))

print()

# count () - mAnbog epoavicenv potifou

print("count (r'[aeioul]') (pwvhevia) ortnv 'Name' (medl&):")
print (df['Name'].str.lower () .str.count(r'[aciou]'))
print("\n" + ll:ll*loo + n\nn)

# ___________________________________________________________
# 5. EAET'XOI INIEPIEXOMENOY & MHKOX

B
print("5. ENETXOI NEPIEXOMENOY & MHKOZ™)

print("-" * 50)

# len() - pnxog oupporooe LpP&c

print("len () otnv 'Name' (petd& and strip) :")
print(df['Name'].str.strip() .str.len())

print()

# startswith() - eXéyxeL av fexlvd pe

print("startswith ('A') otnv 'Name' (strip):")
print(df['Name'].str.strip() .str.startswith('A', na=False))
print()

# endswith () - eXéyxel av TeAeLOVEL HE
print("endswith('.gr') otnv 'Email':")
print(df['Email'].str.endswith('.gr', na=False))
print()

# isalnum() - cdeoplOuntixol YopoaktHpeg
print("isalnum() otnv 'Mixed':")

print (df['Mixed'].str.isalnum())

print ()

# isalpha() - pdévo ypdupato

print("isalpha () otnv 'Name' (pet& amd strip) : ")
print(df['Name'].str.strip() .str.isalpha())
print()

Bploxkoupe
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# isdigit () - pdvo aptLbuol
print("isdigit () otnv 'Code':")
print(df['Code'].str.isdigit())

print()

# isnumeric () - apLéuntixol xapaxktHpeg (m.x. KOl KAAOUXATA)
print("isnumeric () otnv 'Mixed':")

print (df['Mixed'].str.isnumeric())

print ()

# isspace() - pdévo xevd

print("isspace () otnv 'Mixed':")
print(df['Mixed'].str.isspace())

print()

# islower () - 6oL melol

print("islower () otnv 'Name' (xwplicg strip):")

print (df['Name'].str.islower())

print()

# isupper () - 6AolL xrepaiailol

print("isupper () otnv 'Name':")

print (df['Name'].str.isupper())

print()

# istitle () - popen titAou (x&Be AéEnN xepodolo mpdTO)

print("istitle() otnv 'Address':")
print (df['Address'].str.istitle())

print("\n" + ll:ll*loo + n\nn)

# ___________________________________________________________________
# 6. ANAZHTHYXH ME EYPETHPIO (INDEXING)

B o
print("6. ANAZHTHYH ME EYPETHPIO")

print("-" * 50)

# get (i) - malpvel TOoVv YXapaxIhpa otn Oéon i (cov Alota)

print("get (0) (mpdtog xapaxthpoag) amnd 'Name' (strip):")
print(df['Name'].str.strip() .str.get (0))

print()

# find(sub) - 6éon mpdring eupedvionc (f -1)

print("find('a') otnv 'Name' (mel&):")
print(df['Name'].str.lower().str.find('a’"))

print()

# rfind(sub) - 6éon tTeAevtaloag epedviong

print("rfind('a') otnv 'Name' (mel&):")
print(df['Name'].str.lower().str.rfind('a'"))

print()

# index (sub) - (dL0 pe find, aAA& Olvel opddpo ov dev Bpebel (mpémel va 1O

XelpLoToUue)
# @ 1o epoapudbooupe Ce Pl OTNAN MOU Olyoupa mepléxel To 'a' yla amoeuyn
OOPAAUATOC .
print("index('a') otnv 'Name' (mel&) - pdévo omou uvmdpxel:")
try:
print(df['Name'].str.lower().str.index('a'))
except ValueError as e:
print ("SedApoa ValueError Advyw éAAelyng tou 'a' oeg KAWOLEC YPOUUPEQ —
xpnotupomotloUpe find () yia cocpdieio.")
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print()

# rindex (sub)
# slice(start,
print("slice (0, 3)
print()

# slice replace()

print("slice replace(0, 3,
print(df['Code'].str.slice replace(0, 3,

- avtiotolxo rfind
stop)
oTnv
print(df['Code'].str.slice (0,

- ombéKROouuA
'Code’
3))

- OVTLRKATAOTQON TUOUATOQ
'Code’
TXXX "))

'XXX') otnv

print(u\nu + H:H*loo + "\1’1")

print ("TENOZ TIPOT'PAMMATOX")
K. 3.4.14: MNapadsiyua yia ti¢ Medobdouc eneéepyaciog apapitduntikwy (Kewwévou) yia Miaiota Asdouévwv

3.4.14. XpoVIKEG 2elpéc (dt accessor)

Mé£6060¢
Mé£Bobocg/15otnTa
16w6tnteg (Properties) -
E€aywynl ZuoTOTIKWV
Huepopnviag/Qpag

.dt.year
.dt.month
.dt.day

.dt.hour
.dt.minute

.dt.second
.dt.microsecond
.dt.nanosecond

.dt.weekday () .dt.dayof
week)

.dt.dayofyear

.dt.quarter

Nepypadn
Meplypadn

Emiotpédel To £T0¢ WG AKEPOALO
aplouo.

Ermuotpédel tov punva (1-12).
EruotpEdel TNV NUEPA TOU HAVA
(1-31).

Ermiotpedel tnv wpa (0-23).
Ermuotpédel ta Aemta (0-59).
Emuotpeédel ta Seutepdiemta
(0-59).

Emuotpedel Ta
MLKPOSEUTEPOAETTTAL.
Eruotpedel Ta
VaVoSeUTEPOAETTTA.

Emuotpédel TNV nuépa  TNg

eBSopadag WG

(Aeutépa=0, Kuplakn=6).
Emwotpédel TNV avfouoa
aplBud NG NuUépag UHEoa OTO
£€10¢ (1-366).
Emiotpédel
€toug (1-4).

aplBuod

To Tpilunvo TOU

(mpdtol 3 yopaxktnpeg) :")

:H)

Emotpodn
Mapdadelypa

df['Huepounvia'l.dt.year
df['Huepopnvia']l.dt.month
df['Huepounvia'l.dt.day

df['Huepopnvia'].dt.hour
df['Huepounvia'l.dt.minute

df['Huepopnvia'].dt.second
df['Huepounvia'l.dt.microsecond

df['Huepopunvia'l.dt.nanosecond

df['Huepounvia'l.dt.weekday

df['Huepopnvia'].dt.dayofyear

df['Hpepopnvia'].dt.quarter
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Emiotpedel to TANBOG TWV
.dt.days_in_month nuepwv tou pnva (m.x. 28, 30, df['Huepounvia'l.dt.days_in_month
31).
Emwotpedpet Trueav TtO  €10G

, ) , f['H to'].dt.is_|
elvat 6ioekto, aAALwg False. il [P 165l J72e

.dt.is_leap_year

Mé£0odou (Functions) -
Metatpomnég & NAOYLKEG

EpwtnoELg
MetatpéneL TNV wpa  O€
"00:00:00" (neocavuyta),

.dt.normalize() KPOATWVTOG HOVO v df['Huepounvia'l.dt.normalize()
nuepounvia.

Ermiotpedel datetimeb4 TUMO.

Emiotpedel LOVoO TO HEPOG TNG
.dt.date nuepopnviag  (nuépa-pnvag- df['Huepounvia'l.dt.date
£10¢) WG object (oL datetime).
Emiotpedel HOVO TO HEPOC TNG

.dt.time - df['Huepounvia'].dt.time
Emiotpedel to Ovopa NG

.dt.day_name() ?K:S;cpa" (T;e(&onaMizdai& df['Huepopunvia'l.dt.day_name()
locale).

.dt.month_name() Emotpedel to dvopa tou piva.  df['Huepounvia']l.dt.month_name()
EAéyxel av n nuepounvia eivot

.dt.is_month_start n mpwin nuépa tou pnAva df['Hpepopnvia'l.dt.is_month_start

(True/False).

EAéyxel av n nuepounvia eivol
n tTeAevtalo NUEPQ TOU N Va.
EAéyxel av n nuepounvia eivol

.dt.is_month_end df['Huepounvia'l.dt.is_month_end

.dt.is_year_start n mPWIN NUépa tou Xpovou (1n df['Huepounvia'l.dt.is_year start
lavouapiou).
EAéyxeL av n nuepounvia eivol

.dt.is_year_end n teAevtaia nuépa tou xpovou df['Huepopnvia'l.dt.is_year_end

(31n Askepppiovu).
Emiotpedel éva tuple pe (I1SO
.dt.isocalendar() £€toc, ISO eBSopada, ISO df['Huepounvia'l.dt.isocalendar().week
nuépa). 16aviko ylo eBdopddec.
METATPEMEL TNV NUEPOUNVIA OF
string  oUpudwva pe v df['Huepounvia'l.dt.strftime('%d/%m/

.dt.strftime(format) uopdomoinon format (rLy. %d/  %Y')

%m/%Y).
ZTPOYYUAOTIOLEL TIPOG TO KATW . - g
dtfloor(freq) ™y nuepopnvia/Gpo oty df['Huepounvia'l.dt.floor('H') (otpoyyu

kaBoplopévn ocuyvotnta (freq). Aortoinon otnv mAnaieotepn Wwpay)

Jtpoyyulomolel mpog ta mavw df['Huepounvia'l.dt.ceil('D') (otpoyyuA
™V NUEpopnvia/wpa. omoilnon otnV EMOUEVN NUEPQ)
Jtpoyyulomolel otnv
TIANOLECTEPN CUXVOTNTAL.

.dt.ceil(freq)

.dt.round(freq) df['Huepounvia'l.dt.round('10min')
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Metatpénel 1o datetime o€
neplodo (Period) Baoel
ocuxvotntag (m.x. 'M' ywa pnva,
'D' yla nuEpQ).

Adalpel mAnpodopia Lwvng

.dt.to_period(freq) df['Huepounvia'l.dt.to_period('M')

.dt.tz_localize(None) wpog (timezone) amd éva df['Huepounvia'l.dt.tz_localize(None)
datetime.
Metatpénel  €va  datetime- ,
, , f['H '].dt. 'E
.dt.tz_convert(tz) aware Series og AA\n wvn il uspo'ur]th]dt o EE R 1270
pac e/Athens')

Mivakag 3.4.15: MeBobot emeéepyaociog nuepounviwy kat wpag yia to MAaioia Aedougvwy

Onwc oL péBodol KEWEVOU XPNOLUOTIOLOUV TO .str, £TOL KOl OL NUEPOUNVIEG XpnoLlomolouy Tov .dt
accessor. Eival to "poayko paBdi” mou Eekheldwvel mAnpodopieg KPUUUEVEG LEoa O pla obpayida
Xpovou (timestamp).

1. E€aywyn Zuotatikwv (The Anatomy of Time)
Otav éxoupe pia otiAn datetime64, pmopoU e va tnv Tepoyxicoupe os omolo emninedo BEAoupe.
e year, month, day: Ta Baoikd yia vo. dAtpdapoupe dedopéva ava nepiodo.

e weekday & day_name(): 16avikd yla va BpoUpe av po ayopd £ywve ZaBBatokuplako n ylo
va SoUE av oL TwANCELG auEavovtal TG NapaoKeUEG.

e quarter: AltapaitnTo yla olkovouLkeEG avadopeg (Q1, Q2, K.AT).
2. Noywkoi'EAeyyol (Business Logic)

OL 1810tnTeg 6MWG N .is_month_end 1) .is_year_start sival €€alpeTIKA XPrOLLEC YLt TOV UTIOAOYLOUO
unvialwv pmovoug, kKAewoipata BBAlwv 1 tnv mapoakoAouBbnon TNG KIvnong O CUYKEKPLUEVEG
NUEPOUNVIEG-0pdoNpa. AVTL va ypadelg mMeplmAokeg ouvaptioelg, n Pandas cou amavtd pe €va
aort\o True/False.

3. Mopdomnoinon & Ztpoyyulomoinon

e strftime(): H mwo onuavtikn péBodog yla Tnv mapouoiacn Twv SeS0UEVWY. Z0U EMLTPEMEL Va
petatpéPelg to 2024-05-15 oe "15 May, 2024" iy 6mola AAAN popdn emtBupeis.

e normalize(), floor(), ceil(): ZxkéPou TI¢ oav to round() Twv nuepounviwy. Av €xelg dedopéva
ova SeutepoAemnto aAAd Beg va ta opadomnotnoslg ava wpa, n floor('H') Ba ta "koupéPel"
OAa oTNV apXN TNG WPAC.

4. Xeiplopog Zwvwv Qpag (Timezones)

Av SouAeUEeLg pe maykooula Sedopéva (.. logs amo servers), ol uéBodol tz_localize kal tz_convert
glval n dpuva cou amévavtl oto XAog Twv SLadOPETIKWY WPWV. T0U EMITPEMOULV va GEPELG 0N T
Sebopéva og éva Koo onueio avadopdg (r.x. UTC) i va ta S€Lg otnv Tomikn wpa thg ABrvac.

Mpwv xpnolpomolnoslg onotadnmote and autég TIG pebodoug, Bepalwaoou OtL n otAn cou eival
OvVtwg TUMou nuepopnviag. Av n df.info() oou 6elyvel object, tpé€e mpwta: df['Huepounvia'] =
pd.to_datetime(df['Huepounvia'l)

import pandas as pd
import numpy as np
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# ___________________________________________________________________
print("AHMIOYPFIA AEITMATOY DataFrame")
print("-" * 70)

# Anuiloupyla pLoag oelpdg nUEeEPOUNV LOV
date rng = pd.date range(start='2024-01-15 08:30:00", periods=10, freg='D")
# [pooBHAKN PEPLKOV WPOV KoL dLAPOPET LKAV NUEQOUNV LAV VI TOLKLIA{x
dates = [

'2024-02-28 14:45:30"',

'2024-03-01 00:00:00",

'2024-12-31 23:59:59"',

'2023-01-01 12:00:00",

'2024-07-04 18:20:10"',

'2024-11-30 06:15:00",

'2024-02-29 10:10:10', # &diloexkto £T10C
1

# Juvdoudloupe oe é€va DataFrame

all dates = list(date rng) + [pd.Timestamp(d) for d in dates]
df = pd.DataFrame({'datetime': all dates})

print ("Apx k6 DataFrame pe 17 nuepoupnvieg:")

print (df)

print ("\nlAnpogopieg:")

print (df.dtypes)

print("\n" 4+ "="*100 + "\n")

# 1. IAIOTHTESZ (PROPERTIES) - Efaywyn OUCTOT LKOV nuepounv ioag/dpag

print("1. IAIOTHTES (PROPERTIES)")
print("-" * 60)

# .dt.year
print("df['datetime'].dt.year:")
print(df['datetime'].dt.year)
print()

# .dt.month
print("df['datetime'].dt.month:")
print(df['datetime'].dt.month)
print()

# .dt.day
print("df['datetime'].dt.day:")
print(df['datetime'].dt.day)
print()

# .dt.hour
print("df['datetime'].dt.hour:")
print(df['datetime'].dt.hour)
print ()

# .dt.minute
print("df['datetime'].dt.minute:")
print(df['datetime'].dt.minute)
print()

# .dt.second
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print("df['datetime'].dt.second:")
print(df['datetime'].dt.second)

print()

# .dt.microsecond (1o meplLoocdtepa eival 0, oAAN& unmdpxouv)
print("df['datetime'].dt.microsecond:")
print(df['datetime'].dt.microsecond)

print()

# .dt.nanosecond (cuvhBwg 0)
print("df['datetime'].dt.nanosecond:")

print (df['datetime'].dt.nanosecond)

print ()

# .dt.weekday () dayofweek) - Aegutépa=0, Kuploxrn=6

print("df['datetime'] .dt.weekday:")
print(df['datetime'].dt.weekday)
print ()

# .dt.dayofweek ((dL0)
print("df['datetime'].dt.dayofweek ({dL0):")
print(df['datetime'].dt.dayofweek)

print()

# .dt.dayofyear
print("df['datetime'].dt.dayofyear:")
print(df['datetime'].dt.dayofyear)
print()

# .dt.quarter
print("df['datetime'].dt.quarter:")
print(df['datetime'].dt.quarter)
print()

# .dt.days_in month

print ("df['datetime'].dt.days in month:")
print(df['datetime'].dt.days_in month)
print()

# .dt.is leap year
print ("df['datetime'].dt.is leap year:")
print(df['datetime'].dt.is leap year)

print()

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________
# 2. MEGOAOI (FUNCTIONS) - Metatpomnéc & Noylkéc EpwthoeLcg

# ___________________________________________________________________
print("2. MEGOAOI (FUNCTIONS)")

print("-" * 60)

# .dt.normalize() - MndevilelL Tnv dpax (yivetatr 00:00:00)
print("df['datetime'].dt.normalize() :")

print (df['datetime'].dt.normalize())

print ()

# .dt.date - Emiotpéeel pdvo Tnv nuepounvia wg object (datetime.date)
print("df['datetime'].dt.date:")

print (df['datetime'].dt.date)

print("Tonoc:", df['datetime'].dt.date.apply(type).iloc[0])
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print()

# .dt.time - Emiotpéeel pdévo Tnv dpa wg object (datetime.time)
print ("df['datetime'].dt.time:")
print(df['datetime'].dt.time)

print()

# .dt.day name() - Ovopa nuépag (oto AyyALKE omd MIPOEemLAOYH, CGAA& pmopel vo
aAA&Ee Ll locale)

print ("df['datetime'].dt.day name () :")

print(df['datetime'].dt.day name())

print()

# .dt.month name () - Ovoua uRva

print ("df['datetime'] .dt.month name () :")
print(df['datetime'].dt.month name ())

print()

# .dt.is month start

print ("df['datetime'].dt.is month start:")
print(df['datetime'].dt.is month start)
print()

# .dt.is month end

print ("df['datetime'].dt.is month end:")
print(df['datetime’'].dt.is month end)
print()

# .dt.is year start

print ("df['datetime'].dt.is year start:")
print(df['datetime'].dt.is year start)
print()

# .dt.is _year end
print ("df['datetime'].dt.is year end:")
print(df['datetime'].dt.is_year end)

print()

# .dt.isocalendar () - EniLotpéepel DataFrame ue étog, eRdoudda, nuépa Katd
IS0

print("df['datetime'].dt.isocalendar():")

isocal = df['datetime'].dt.isocalendar ()
print (isocal)
print ("llpbdcRoaocn otnv ePfdopdda:", isocall'week'])

print()

# .dt.strftime (format) - Mopgponoinon wg string

print ("df['datetime'].dt.strftime ('%d/%m/%Y $H:%M') : ")
print(df['datetime'].dt.strftime('$d/%m/$Y $H:SM'))

print()

# .dt.floor (freq) - Ztpoyyvdomoinon mpo¢ Ta K&Tw (m.X. OTINvV OHEA)
print("df['datetime'].dt.floor ('H') :")
print(df['datetime'].dt.floor ('H'))

print ()

# .dt.ceil (freq) - Ztpoyyuvdomnoinon mpog T m&vw (m.xX. otnv emduevn nuépa)
print("df['datetime'].dt.ceil('D") :")
print(df['datetime'].dt.ceil('D"'))

print()
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# .dt.round(freq) - Ztpoyyuvdomoinon ornv HANCLéCTEPn OUXVOTINTA
Asnitd)

print("df['datetime'].dt.round('10min') :")

print (df['datetime'].dt.round('10min'))

print()

# .dt.to period(freq) - Metatponn ce mepiodo (m.x. PAVA)

print ("df['datetime'].dt.to period('M'):")

print(df['datetime'].dt.to _period('M'))

print ()

# ___________________________________________________________________

# 3. NAPAAEITMATA ME TIMEZONE (yLo tz localize xalL tz convert)

print ("3. MEGOAOI TIMEZONE")
print("-" * 60)

# Anuioupyla DataFrame pe timezone-naive datetime
df tz = df.copy()

print ("Apx k6 (xwplic timezone) :")

print(df tz['datetime'].head())

print()

# .dt.tz localize - IIpocbrixn timezone (m.x. UTC)
df tz['datetime utc'] = df tz['datetime'].dt.tz localize('UTC')

print ("Met& ond tz localize ('UTC') :")
print(df tz['datetime utc'].head())
print()

# .dt.tz convert - Metatpomy) oe GAAn (&Ovn (m.x. EAAGDQ)
df tz['datetime athens'] =
df tz['datetime utc'].dt.tz convert ('Europe/Athens')

print("Met& ané tz convert ('Europe/Athens') : ")
print(df tz['datetime athens'].head())
print()

# Apalpeon timezone pe tz localize (None)

(. x.

df tz['datetime no tz'] = df tz['datetime utc'].dt.tz localize (None)

print("Met& omd tz localize (None) (apaipeon timezone) :")
print(df tz['datetime no tz'].head())

print()

Print("\l’l" + ":"*100 + H\nll)

print ("TEAOS [IPOT'PAMMATOS")

K. 3.4.15: Napadetyua yia tic Medoboug eneéepyaoiog nuepounviwy kat wpag twv MAatoiwv Asdougvwv

3.4.15. Ouadomnoinon (GroupBy)

M£60060¢ Nepwypadn Edappoyn

Anpouvpyel  €va  avtikeipevo  GroupBy,
xwpillovtag ta Sedopeva os opadeg e Paon

groupby() pla n meploootepeg otnAec. Eival n Baon yia  df.groupby('category')
OAeg TG ETIOUEVEG Aettoupyleg
opadomnoinong .

10
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agg() i aggregate()

transform()

apply()

filter()

size()

first() / last()

nth()

cumcount()

rank()

Edapudlel pia n meEPLOCOTEPEG CUVAPTIOELG

ouvaBpolong (o73 KaOe opada,
EMIOTPEPOVTAC Ml YPOUHR ava opada.
[SavikdO  yla  UTIOAOYLOHO  GUVOTITIKWV

OTATLOTIKWV (TT.X., LECOG OPOGC, ABpolopal) .
Edapudlel po cuvaptnon oe kabe opada
Kol emoTpEdel €va amoTéAeoUa UE TO i6Lo
MAKOG HME TO apxik6 DataFrame.
Xpnowuormoleltat  ywa Tt  dnuloupyia
XOPOKTNPLOTIKWY OVA  YPOUMN, OnMwe N
KOVOVIKOTtolnon €&vtog tng opadag n n
CUUTTANPWON KEVWV TLUWV .

Edapuotel L0l TPOCOAPHOCHEVN
ouvaptnon oe kdBe opada. Eivar TO
E€UEAIKTO OAAG KOl TLO Opyo Qo

Ta agg kat transform. Xpnolpomoteitat poévo
OTav autd 6ev eMOpKoULV .

EmAéyel N amopplntel oAOKANPEG OUASEC UE
Baon pLo ouvenkn TIou
eniotpedel True N False yia kaBe opada .
Emiotpedel to péyebog (MANBog ypappwv)
KaBe opdadog, cupmeplhappavovtag Kol TLG
TIHEG NaN .

Emiotpedel tnv mpwtn f TNV TEAsuTalo pn-
KEVI TIUA KaBe opadag .

Emiotpedel V-00TI] YpPOMUN KABe

opadag .

v

AplOpEl TIC ypopEG KAOE opadag EekvwvTag
anéto 0.

Yroloyilel tn oelpa (rank) Twv THwWV péoa
o€ KaBe opada .

df.groupby(‘'team').agg(avg_sc
ore=('score’, 'mean’),
total_score=('score’, 'sum'))

df['score_pct'] = df['score']l /
df.groupby('team')['score'].tran
sform('sum"')

df.groupby(‘team').apply(lamb
da g: g.nlargest(2, 'score'))

df.groupby(‘team’').filter(lambd
a g: len(g) >=3)

df.groupby(‘team').size()

df.groupby(‘team')['score'].first
()

df.groupby('team').nth(1) #
Emiotpédel Tn 2n ypopun kabe
opadoag

df['obs_number'] =
df.groupby('team').cumcount()
df['rank_in_team'] =
df.groupby(‘'team')['score'].ran
k(ascending=False)

Mivakac 3.4.16: Médobot yia ouadomnoinon (groupby) MAatoiwv Aedouévwv

H opadomoinon (groupby) sivatl n Stadikacio 6mou xwpiloupe éva peydho cuvolo SeSopévwy oe
HLKPOTEPQ KOMUATLA LA VAL EEAYOULE OUCLOOTLKA OUUTIEPACHATA avA KaTnyopla.

1. H ®ocodia: Split-Apply-Combine

Otav kaAeic tnv groupby(), n Pandas akoAouBsi tpla Brpoata:

1. Split: Xwpilel to DataFrame oe opddeg BAcel Twv THWV pag otnAng (rmx. "Ouada A",

"Opada B").

2. Apply: Edapuotet pia mpaén (aBpolopa, péEco 6po, Gpidtpo) oe kaBe opada Eexwplota.

3. Combine: Evwvel ta anoteAéopata os €va véo, UVOTTIKO DataFrame.

2. O Tpeig NuAwveg: Agg, Transform, Filter

AuTEc oL TpeLg péBodol kabopilouv Tl eidoug anotédeopa Ba MApELC:
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o agg() (Aggregation): Mewwvel ta Sedopeva. Av n opada €xel 100 ypoupég, n agg Ba
erotpePel pia Tiun (m.x. to abpoiopa). Eival n o ocuvnBlopévn pEBodog yla reports.

e transform(): Alatnpeil to apxiko oxnua. Av n opdada £xet 100 ypaupég, n transform Ba
erotpePet 100 TG, Elval bavikn yla va GUYKPLVELG L0l TLUH E TOV LECO OPO TNG OpAdag
™¢ (.. "MNoco améxel o HoBoO¢ autol Tou UMOAARAOU Ao ToV HECO OPO TOU TUAMUATOG
Ttou;").

o filter(): Aettoupyel oav "kookivo" yla opdadeg. Aev GIATPApPEL YPAUUESG, aAAd OAGKANPES
KOTNYOpPLEC.

Napadsiypa: "Acife pou dedopéva pHovo yla TIg opadeg ou £xouv maifel mavw and 5 moyvidia".
Av pa opdda €xel 4, e€adaviletal 6An oo To ANOTEAECUA.

3. Monynon péca ot Ouadeg

o first() / last(): Xpriowa og xpovooelpég yla va LG TNV TIPWTN Kal tnv teleutaia kataypadn
pLag meplodou.

e nth(): Zou Sivel mpdoBaon oe GUYKEKPLUEVN OELpd. MOAU Xpriolpo av Beg m.x. vo BPELg Tov
"Sevtepo kKaAUTEPO" KAOE KaTnyoplag.

e cumcount(): Anuloupyel éva "id" péoa otnv opdada. Av €XELC TIEAATEG KAL TG ETLOKEYELG
Toug, To cumcount Ba aplBunosL tnv 1n, 2n, 3n eniokePn yla KABe MeAdTn EeXxwpPLOTA.

4. Katatagn evtog Opadag (rank)

H rank() gival mavioxupn yla dtaywviopolg i mMwAnRoels. Mmopeic va Bpelg T B£an evog mwAnTr Oxt
0TO OUVOAO TNG eTalpeiag, aAAG pEoa otnv mepLoXn Tou. Av 800 £xouv Ty idla tiun, n rank Sltabétel
napapérpouc (onwg method='dense') yia va anodacioslg mwe Ba XelpLoTeic TI¢ Loomaisc.

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 70)

np.random.seed(42) # vio avanopayoyLlupdéTnto

data = {
'Toam': [VAV, VAV, VBV, VBV, VBV, 'C'I 'C'I lcl, lcl, ’D’],
'Player': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni', 'Dimitris',

'Sofia', 'John', 'Alice', 'Bob'],
'Score': [85, 92, 78, 88, 95, 67, 72, 90, 84, 79],
'Age': [25, 30, 28, 35, 22, 27, 24, 40, 31, 291,
"Year': [2023, 2023, 2023, 2023, 2023, 2024, 2024, 2024, 2024, 2024]
}
df = pd.DataFrame (data)
print ("ApxLxd DataFrame:")

print (df)

print(n\nn + H:H*loo + ll\nll)

# ___________________________________________________________________
# 1. groupby () - AnuplLoupyla ou&dwv

# ___________________________________________________________________
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print("1l. groupby () - Anploupyla aviikelpévou GroupBy")
print("-" * 60)

grouped = df.groupby('Team')
print ("Ou&dec mou dnuLlLoupynoOnxkav:")
for name, group in grouped:

print (£"Ou&da {name}:")

print (group)

print ()
print("\n" + n:n*loo + ll\nll)
# ___________________________________________________________________
# 2. agg () 1O aggregate() - Zuvdbpolon Pe OUVAPTINOELC
# ___________________________________________________________________
print("2. agg () - HoAAamAég ouvapthoelg ocuvdBpotlong")
print("-" * 60)

# Mia ouvdptnon oe pila OTHAN

aggl = df.groupby('Team') ['Score']l.agg('mean')
print ("Mécoc 6pog Score avd ouddo:")
print(aggl)

print()

# ToAAéc ouvoapthoelg oe pla OTHAN

agg2 = df.groupby('Team') ['Score'].agg(['mean’,
print("Statiot k& Score avd ouddo:")

print (agg2)

print()

] ]

max', 'min'])

# ALoQOopeTLKEC OUVAPTNOE LG O OLUPOPETLKEC OTHAEC
agg3 = df.groupby('Team") .agg(
avg_score=('Score', 'mean'),
total score=('Score', 'sum'),
avg _age=('Age', 'mean'),
max_age=('Age', 'max')
)

print ("Ipoocapupoouéveg ouvabpoiocetlg:")

print (agg3)

Print("\n" + ll:H*loo + H\n'l)

# ___________________________________________________________________
# 3. transform() - Emniotpoel amoteAécpatog (dLou pnRxoug

# ___________________________________________________________________
print("3. transform() - Metaoxnpatiopdg evidg ouddac")

print("-" * 60)

# [ocootd TOU score w¢ IPOC 1o &BpoLlopa 1ng ouddag

df['Score pct'] = df.groupby('Team') ['Score'].transform(lambda x: x /
x.sum() * 100)

print ("IIocootd Score egvidg opddag:")

print(df[['Team', 'Player', 'Score', 'Score pct']l])

print()

# Kovovixkomoinon (z-score) evidg ouddoag

df['Score z'] = df.groupby('Team') ['Score'].transform(lambda x: (x -
x.mean()) / x.std())

print("Z-score tou Score evidc op&dag:")

print (df[['Team', 'Player', 'Score', 'Score z'l])

print()
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# JupnmAnpwon Kevov (ov unnpxov) pe tov péco 6po Tng ouddag — €30 dev
un&pyxouv NaN, oAA& yvia emidelén

df filled = df.copy()

df filled.loc[2, 'Score'] = np.nan # texvntd NaN

df filled['Score filled']
df filled.groupby('Team')['Score'].transform(lambda x: x.fillna(x.mean()))
print ("IupnAnpwon NaN pe tov péco 6po tng ouddoc:")

print(df filled[['Team', 'Player',6 'Score', 'Score filled']])

print("\n" + "="*100 + "\n")

# ___________________________________________________________________
# 4. apply () - Eeapupoyrn custom ocuvdpinong oe k&Be oudda

# ___________________________________________________________________
print("4. apply () - Ipocappoocupévn ouvdpinon ové oudda™)

print("-" * 60)

# Enitotpoorny twv dUo0 kopupalwv okdpep k&Be opddag

top2 = df.groupby('Team') .apply(lambda g: g.nlargest (2, 'Score')[['Player'
'Score']])

print("OL 2 xopuoeaiol oxbdpep avd ouddo:")

print(top2)

print()

~

# Boopuoyn ouvapinong mou e€mnloTpépel DataFrame (m.yx. KOVOVLKOIO({Nnon)
def normalize (group):

group['Score norm'] = (group['Score'] - group['Score'].min()) /
(group['Score'] .max () - group['Score']l.min())

return group

normalized = df.groupby('Team') .apply(normalize)

print ("Kovovixkomoinon min-max evidg opddoc:")

print (normalized[['Team', 'Player', 'Score', 'Score norm']])
print("\n" + ll:ll*loo + ll\nll)

# ___________________________________________________________________
# 5. filter () - dLATpdplLopa ou&dwv

# ___________________________________________________________________
print("5. filter () - Kpatd& op&deg mou LkovomoLoUv ocuvenkn")

print("-" * 60)

# Kpatdue poévo opddec pe ToUAd) LOTOV 3 UEADN

filtered = df.groupby('Team').filter (lambda g: len(g) >= 3)
print ("Ou&dec pe >=3 péAn:")

print(filtered)

print()

# Kpatdue ouddec oémou 10 HéyLloro score eivat > 90

filtered max = df.groupby('Team').filter(lambda g: g['Score'].max() > 90)
print ("Ou&dec pe max score > 90:")

print(filtered max)

print("\n" + nzn*loo + H\nll)

B
# 6. size() - MéyebBog x&Bes opddac

# ___________________________________________________________________
print("6. size () - [IARBog ypoppdv ové oudda™)

print("-" * 60)
group_sizes = df.groupby('Team') .size()

print ("MéyeBog ouddwav:")
print (group sizes)
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print()

# reset index via miLo Ouopen moapoucliaon
group_sizes df = group sizes.reset index(name='Count')
print ("Qc DataFrame:")

print (group sizes df)

print("\n" + n:n*loo + ll\nll)

B oo
# 7. first(), last(), nth() - Hpdtn, TeAevutala, V-00TH YpPAUUnH
S
print("7. first(), last(), nth() - EmiLAoyl] CUYKEKPLUPEVOY Yypouudv")

print("-" * 60)

# Hpdtn ypouun xk&Oe ouddag (Rhoel oelpdc eupdvLong)
first = df.groupby('Team') .first ()

print("first():")
print(first[['Player', 'Score'll)
print()

# Tedsvutalo ypouun
last = df.groupby('Team') .last ()

print("last () :")
print(last[['Player', 'Score'll)
print()

# N-ootf ypoppn (m.x. 1 = deUtepn ypopuun, Eexivad amd 0)
nth = df.groupby('Team') .nth (1)

print("nth(l) - delUtepn ypopun:")
print(nth[['Player', 'Score'll)
print()

# nth pe fallback (av dev undpxel, umopel voa emiotpéyel NaN)
nth fallback = df.groupby('Team').nth(2, default=pd.NA)

print("nth (2, default=pd.NA) - 1pltn ypouun 1n NA:")

print (nth fallback[['Player', 'Score']l)

print("\n" + "="*lOO + H\nll)

B o
# 8. cumcount () - Api6unon ypauudv evidg ouddog

# ___________________________________________________________________
print("8. cumcount () - AUEwVvV aplOudc evidg oudkdag")

print("-" * 60)

df['Obs in team'] = df.groupby('Team').cumcount() + 1 # +1 via va fexlv&
amd 1

print ("AGEwv aplBudc nolxtn otnv ouddo:")

print (df[['Team', 'Player', 'Obs in team']])

print()

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________
# 9. rank() - Koat&toaén tLipdv evidc opddag

B
print("9. rank() - Zeip& xat&taénc (ranking)")

print("-" * 60)

# Katd&taén RB&oel Score (ulnidtepo = 1)

df['"Rank score'] = df.groupby('Team')['Score'].rank(ascending=False,
method="dense')

print ("Kot&toafn score egvidg ouddac (l=xkopuopaliog):")
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print(df[['Team',

print ()

# ALdpopeqg pébBodol:

'Player', 'Score', 'Rank score'll])

'min', 'max', 'first', 'dense'
df ['Rank method'] = df.groupby('Team') ['Score'].rank(method='min',
ascending=False)

print ("Koat&toén pe method='min':
print (df[['Team',

print(u\nu + H:ll*loo + ll\nll)

print ("TENAOS IIPOT'PAMMATOX")
K. 3.4.16: MNapadsiyua twv uedodwv yia ouadomnoinon (groupby) Miatciwv Asdouévwv

3.4.16. Kwntol Méoot (Rolling/EWM/Expanding)

rolling()

-agg()
navw oe rolling

-apply()
navw oe rolling

expanding()

ewm()

min_periods
(rapapetpog)

center
(mapdapeTpog)

Mivakag 3.4.17: MéGobot yia Kivntol Méoot (Rolling/EWM/Expanding) twv MAatoiwy Aebouévwy

Anuoupyet Eva mapabupo
KUALOPEVOU UTIOAOYLOUOU oTaBepou
ueyeéboug  (mX., 3 ypappeg) R
otaBepol xpovikol Slactiuartog (m.x.,
"7D"). Xtn ouvéxela, epapuoleTal pia
ouvaptnon (m.x., mean()) .

Edapuolel MOAOAMAEG GUVAPTHOELS
ouvaBpolong oto (610  KUALOpEVO
napdBupo Tautoxpova .

Edapuolel  plo  TPOCOPUOCHEVN
ouvaptnon o€ KaBe  KUALOUEvO
mapadupo .

Anpoupyet

€va Sleupuvopevo apabupo TIou
Eekva amo tnv apxn Twv deSouEvwV
KOl HEYOAWVEL PEXPL TNV TPEXOUOQ
YPOUMN. XPAOLUO yla  UTIOAOYLOMO
0OPOLOTIKWY OTATLOTIKWYV .

Edapuolel ekOeTIKR KvnT UElwoN
Bapoug  (Exponential Weighted
Moving Average). Aivel peyoAUtepn
Baputnta o0 TLO  TPOODATEG
TLAPATNPNOELG .

KaBopilet Ttov eAdyxoto aplbuo
napatnprnoewyv pe pn-NaN TEG mou
TPEMEL Vo €XEL Eva apdBupo yla va
eudaviotel amotéleopa. EAEyxeL tnv
eudavion NaN otnv opxn ™ng

mepLodou .
Av center=True, toroOstel T0
amotéAeopa ToUu mapabupou

OTNV KEVIPIKN YpaUUn (avtl yia
6e€1d, mou elval n mpoemAoyn) .

)
'Player', 'Score', 'Rank method']])

df['moving_avg']

df['sales'].rolling(window=3).m

ean()

df.rolling(window=3).agg(['sum

!, 'std’, 'max'])

df['sales_range']

df['sales'].rolling(4).apply(lamb

da x: x.max()

raw=True)

df['cumulative_avg']

X.min(),

df['sales'].expanding(min_perio

ds=2).mean()

df['ewm_avg']

df['sales'].ewm(span=4,
adjust=False).mean()

df['moving_avg']

df['sales'].rolling(window=5,

min_periods=2).mean()

df['moving_avg_centered']

df['sales'].rolling(window=3,

center=True).mean()
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Ot uéBodol Window Operations (KuAlopeva kat Aleupuvopeva MapdaBupa) sival to "kAeldl" ya tnv
OVAAUGCN XPOVOOELPWY, KABWCE Hag emTPEMOUV va eEopaAlvoupe Tov B0pufo Kal va eviomicoupe
TaoeLG (trends) mou Sev daivovtal Pe pa amAn patLd.

1. Rolling: To "KAaowko" Kivnté Napabupo
H rolling() opilet éva mapaBupo otabepol peyeBoug mou "yAlotpdel" mavw ota dedopéva oog.

e Window Size: Av opioete window=7, kdBe amotéAeopa Oa eivol O UMOAOYLOUOG TwV
televtaiwv 7 nuepwv/eyypadwv.

e Smoothing: Eival o Baolkdg tpomocg yia va dnuloupynoete évav Kivntd Méco Opo (Moving
Average), o omoiog e€adavilel TIG AMOTOUEG KOONUEPIVES SLAKUUAVOELG.

e Center: Ano TpoemAoyr, TO AMOTEAECHA UITAlveL oTnV TeAeuTala ypapun Tou mapabupou.
Me 1o center=True, TO AMOTEAECHA UTTALVEL OTN HECALQ VPO, KATL TTOU €lval XpAOLUO yLa
va eVBUYpaPULOTEL 0 HECOC OPOC OMTIKA LLE TA TPAYUATIKA SeSopéva og Eva ypadnua.

2. Expanding: To "lotopwkd" NapaBupo

Ye avtiBeon pe to rolling, n expanding() v agnvel micw tng ta maAid dedouéva. To mapadupo
£eKLva amo tv 1n ypappn Kot LEYOAWVEL CUVEXWCG.

e Cumulative Insights: Xpnolpomoleitat 6tav BéAete va PAémete nwg eehiooetal €va
OTATLOTIKO péyeBog (.. N pEon amodoon) amod tnv apx Twv XpOVwv PUEXPL CHUEPQL.

e Stability: Eival 16avikn yla va deite av évog péooc 6pog "otabepormoleital" 6co poalevovral
TiepLocotepa dedopéval.

3. EWM: EkBetikn Baputnta (Exponentially Weighted)

H ewm() elvat n o e€eAtypévn péBodog. Avti va Sivel Tnv dla onuoacia og OAEG TG NUEPEC (OTWG N
rolling), 6ivel peyaAUtepn BaplTnTa oTIG MO MPOSHATEG TLHEG.

e Tati va TN XPNOLLOTIOLOETE; 3T XPNOTOOLKOVOUIKA, TO TL £YLVE CNUEPA £lval CUXVA TILO
ONUAVTLIKG amo to Tt éylve mpv 10 pépeg. H ewm avtidpd moAU 1o ypryopa otig aAAayEg
™G Tdong art' 6,TL €vag anAdg KLVNTOG HECOG OpOg.

4. Awaxeipion twv NaN pe tnv min_periods

Otav ekvael éva rolling mapdBupo (rm.x. peyéBoug 10), oL pwteg 9 ypapuég Ba eival avaykaoTika
NaN yiati Sev untdpyouv apketd SeSopéva.

e Me tnv min_periods, unopeite va meite otnv Pandas: "Av Bpelg €0Tw Kal 2 TIHEG, SWOE Pou
QMOTEAEOHA, LNV TEPLUEVELS va LaleuTtolv Kal ot 10". Autd BonBdel va éxete SeSopéva
Slo0éopa vwpitepa oto dataset ocag.

import pandas as pd
import numpy as np

print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 70)

# Anuiloupyla nuepopnvidv (xabnueptvd)
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dates = pd.date range(start='2024-01-01"', periods=15, freg='D")
np.random.seed (1)
sales = np.random.randint (100, 200, size=15).astype(float)

# Elcayoyn peptxdv NaN yio enidetén min periods

sales[2] = np.nan
sales[7] = np.nan
sales[12] = np.nan

df = pd.DataFrame ({'date': dates, 'sales': sales})
print ("Apx kb6 DataFrame (mwAnjocelg oavd nuépa) :")

print (df)

print("\n" + H:H*loo + n\nn)

# ___________________________________________________________________
# 1. rolling () - KuAidpevo mopdbupo oTaBepol ueyéBoUCQ

# ___________________________________________________________________
print("1. rolling() - KuAlLbuevog pécog 6pog (window=3)")

print("-" * 60)

# AnmAOc xruALdpevog pécog 6pog 3 nuepdV
df['rolling mean 3'] = df['sales'].rolling(window=3) .mean ()
print(df[['date', 'sales', 'rolling mean 3']1)

print()

# Il HacToAmMiMi: min periods - egAd&yLO0TOC aplOudc un-NaN TLpdv yia epedv Lon
AIOT EAECUATOC

df['rolling mean min2'] = df['sales'].rolling(window=3,

min periods=2) .mean ()

print ("pe min periods=2 (emlIPEmOVIXL QNOTEAEOUATH Pe 2 TLHEG) :")
print(df[['date', 'sales', 'rolling mean min2']])

print()

# center=True - 1TOHOOETNON AIIOTEAEOPUATOC OTINV KEVIPLKLN YPOURN
df['rolling mean center'] = df['sales'].rolling(window=3,

center=True) .mean ()
print("pe center=True (10 amotéAcopa TomoBeTelTal OTNV KEVIPLKN NuUépa TOU

nopabtpou) : ")
print (df[['date', 'sales', 'rolling mean center']])
print()

# KuAildpevn tumiky amdKALon

df['rolling std 3'] = df['sales'].rolling(window=3) .std()
print ("KuAidpevn tumikl amdxkAilon 3 nuepdv:")
print(df[['date', 'sales', 'rolling std 3']])

print("\n" + "="*lOO + H\nll)

# ___________________________________________________________________
# 2 agg () oe rolling - TOAAATIAEC OUVOAPTINCE LG TAUTOXPOV

# ___________________________________________________________________
print("2. rolling () .agg() - IoAAamAécg ouvabpolioeig")

print("-" * 60)

rolling agg = df['sales'].rolling(window=3) .agg(['mean', 'std', 'sum',
'max'])

print ("IIoAAomAég ocuvapthoelg oto (dLo nmopdbupo:")

print(rolling agq)

print ()

# MmopoUue va ouvdudoouue pe 1o undrolnmo dedouéva
df agg = df.join(rolling agg)

282



print ("Mes evowpdtwon oto apxlkd DataFrame:")
print (df agg.head(10))

print("\n" + H:H*loo + "\1’1")

# ___________________________________________________________________
# 3 apply () oe rolling - IIpocoapupocuévn ouvdptinon

# ___________________________________________________________________
print("3. rolling() .apply() - Ipocapupocuévn cuvéptnon")

print("-" * 60)

# Juvdptnon mou umoAoyilel TO €Upog (max-min) Tou mapx®Upou

df['rolling range']l = df['sales'].rolling(window=4) .apply(lambda x: x.max()
- x.min (), raw=True)

print ("KuAidpevo eUpoc¢ (max-min) pe window=4:")

print(df[['date', 'sales', 'rolling range'l])

print()

# Juvdptnon mou unoloyilel Tov aplBud TV BT LKOV PeTABOAOY (dev éxel vonuo
€00, amAd mopdde Lyud)
def count positives(series):

return (series > 0).sum()

df['rolling pos'] = df['sales'].rolling(window=3) .apply(count positives,
raw=True)

print ("IIAH6oc BeTLkOV TLPOV (OAeg >0, extdc NaN) : ")

print(df[['date', 'sales', 'rolling pos']ll])

print("\n" + n:n*loo + H\nll)

B o
# 4. expanding () - Aiteupuvdupevo nopdbupo (amd Tnv apxn)

# ___________________________________________________________________
print("4. expanding() - ABpolOTLK& OTATLOTLKA")

print("-" * 60)

# ABpoloT LkOC péococ 6poc

df['expanding mean'] = df['sales'].expanding() .mean ()
print ("Ab6poLot Lkbc péooc 6poc:")

print(df[['date', 'sales',6 'expanding mean']])
print()

# ABpolotLrd &BpolLopa

df['expanding sum'] = df['sales'].expanding() .sum()
print("ABpoLiLotLkd &BpoLopa:")

print(df[['date', 'sales', 'expanding sum']])

print()

# pe min periods (eA&xLO0TOGC P LOPOG T LPOV)

df['expanding mean min3'] = df['sales'].expanding(min periods=3) .mean ()
print ("ABpo Lot Lk6G péocog pe min periods=3 (NaN éwg o6tou unépyouv 3
TLREG) ")

print(df[['date', 'sales', 'expanding mean min3']])

print()

# Eoopupoyr DOAANIIAOV OUVAPTNOE®V UE agg
exp agg = df['sales'].expanding().agg(['mean’', 'sum', 'std'])

print("expanding () .agg () - moAAamAég ouvoptnoelg:")

print (exp agqg)

Print("\n" + ":"*100 + H\nll)

# ___________________________________________________________________
# 5. ewm() - ExOetix& xl1vnidg pécog (Exponential Weighted)
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print("5. ewm() - ExBetix& xivnidg péococg")
print("-" * 60)

# ExBet1x6c x1vntdg péocog pe span=4 (avitiorolxo pe window 4, oAA& ue
exBetT LK pelwon Ropdv)

df['ewm spand'] = df['sales'].ewm(span=4, adjust=False) .mean ()

print ("EWM pe span=4:")

print(df[['date', 'sales', 'ewm span4']])

print ()

# pe alpha (mapd&yovioag e€&oudAuvong)

df['ewm alpha03'] = df['sales'].ewm(alpha=0.3, adjust=False) .mean()
print ("EWM pe alpha=0.3:")

print(df[['date', 'sales', 'ewm alpha03']])

print ()

# min periods ceg ewm (aviicTolxa)

df['ewm min2'] = df['sales'].ewm(span=4, min periods=2,
adjust=False) .mean ()

print ("EWM pe min periods=2:")

print(df[['date', 'sales', 'ewm min2']])

print()

# ignore NaN; toa NaN emnpe&louv TOUCQ UMOAOYLouoUg. MmopoUpe va doUue In
dLapopd.

# AnpLoupyoUue éva aviliypapo xwplc NaN yia oUykplLon.

df no nan = df.dropna(subset=['sales']) .copy()

df no nan['ewm clean'] = df no nan['sales'].ewm(span=4,
adjust=False) .mean ()

print ("EWM xwpicg NaN (yiLa oUyxkplon) :")

print (df no nan[['date', 'sales', 'ewm clean']l])

print("\n" 4+ "="*100 + "\n")

# 6. Hopddelypa ouvduaouoU rolling ue groupby (mpoalpetlkO)

print("6. rolling () pe groupby (mpoalpetlikd mapdde Lypa) ")
print("-" * 60)

# AnuiloupyoUue éva DataFrame pe dUo ou&deg
df2 = pd.DataFrame ({
'group': ['A']*10 + ['B']*10,
'value': np.random.randint (50, 150, 20).astype(float)
}
df2['rolling group'] =
df2.groupby ('group') ['value'].rolling(window=3) .mean() .reset index(level=0,
drop=True)
print ("KuA1dpevog pécog avd ouddo:")
print (df2.head(12))
print("\n" + "="*100 + "\n")

print ("TENOS [IPOT'PAMMATOZ"™)
K. 3.4.17: M&9obot yia Kivntoi Méaoot (Rolling/EWM/Expanding) twv MAaioiwv Asbougvwy

3.4.17. Eloaywyn Asdopévwy

M£6060¢ Nepypadn Emiotpodn
AwaBalel ebopéva import pandas as pd

SehreRel e ano éva apyeio df = pd.read_csv('to_apyxelo_pou.csv')
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pd.read_excel()

pd.read_json()

pd.read_sql()

pd.read_html()

pd.read_clipboard()

pd.DataFrame()

pd.json_normalize()

SLoXWPLOPEVO E
Kouparta (CSV) kat ta
doptwvel o Eva
DataFrame.

AwoBalel bedopéva
amno éva apyeio Excel.
YnootnpileL tnv
emloyn
OUYKEKPLUEVOU
dUA\ou epyaoiac.
@optwvel bedopeva
amoé va apxeio A pia
ouppolooelpd
popdormnolnpévn o€
JSON.

Ektelel éva epwtnua
SQL oe pLa Baon
Sebopévwy Kal
ETILOTPEDEL T
QTTOTEAEOUATA WG
DataFrame.

AlaBalel 6Aoug Toug
nivakec HTML amo o
LotooeAiba i pa
oupBolooelpad Kot
TOUG ETLOTPEDEL WG

Alota a6 DataFrames.

AwoBalel ta dedopgva
TIou Bpilokovtal oTo
T(POXELPO TOU
umoAoyloth oag (T.x.
amnod éva avtiypado
amno Excel) kat ta
LETATPETIEL OE
DataFrame.
Anuoupyetl éva véo
DataFrame amno
Sladopec Sopeg
Python, 6mwc Ae€ika n
Aiotec.

Metatpemnet
(amAomoleti)
nuLdounpéva
Sedopéva JSON (r.x.
pe epdwAevpéva
nedia) os éva
"eninedo" DataFrame.

df = pd.read_excel('to_apyelo_pou.xlsx',
sheet_name='OUAA01')

df = pd.read_json('to_apxeio_pou.json')

from sglalchemy import create_engine

engine =
create_engine('mysql://user:pass@host/db')

df = pd.read_sql('SELECT * FROM mivakag', engine)

Alota_DF =
pd.read_html('https://mapadetypa.gr/oeAiba.html')
MPWTOC_Tivakag = Alota_DF[0]

df = pd.read_clipboard()

S6ebopéva = {"Ovopa': ['Avva’, 'Nikog'], 'HAwia': [25,
30]}
df = pd.DataFrame(&edopévay)

import requests

response =
requests.get('https://api.example.com/data').json()
df = pd.json_normalize(response['amoteAéopata'l)

Mivakacg 3.4.18: MéGobot yia eloaywyn debouévwy ota MAatoiwv Asdougvwv
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AUTEC oL eVTOAEG AmOTEAOUV TNV «TIUAN €L00S0U» TwV SedoUEVWY 0aG 0TOV KOOUO Twv Pandas. KabBe
plo elval oxedlaopévn yla va petatpémel SladopeTiKEG NYEC MANPodOpLWY O €va ololopopdo
DataFrame, to omnoio eivat n Baoikn dour avaiuonc.

Ag TIG avoAUOOUUE [ia TTpog pia:
1. pd.read_csv()

Eival n o ouvnBlopévn evioln, kabwg ta apxeia CSV (Comma Separated Values) ival to otdavrap
otn petadopd dedopévwv.

e Nuwg Aettoupysi: AlaBalel To apxelo YPAUUA-YPOAUUA KOl XPNOLUOTOLEL TO KOppa (1 aAAo
oUUBoAo mou Ba oploeTe, LY. ; LE TNV MAPAUETPO sep=";") yla va Eexwploel TI¢ oTAAEG.

e Xpnowo tip: Av to apxeio oag £xel eAAnvikoU¢ xapaktipeg kat Sev dofaletal cwotd,
Soklpdote tnv napdpetpo encoding="'utf-8'  encoding="iso-8859-7'.

2. pd.read_excel()
Anapaitntn yla 6coug epyalovral pe apxeia ypadeiou.
¢ Nwg Aettoupyei: Doptwvel Sedopéva amnod apxeia .xIs 1 .xlsx.

e Avvatotnteg: Mmopeite va SlaBaocete povo €vo ouykekplpévo ¢uMAo (sheet _name) 1
OKOUA KOL CUYKEKPLUEVEC OTHALC (usecols).

3. pd.read_json()
To JSON eival n kUpla popdr dedopévwy oto dladiktuo kat ota APIs.

e Nuwg Aettoupyei: Metatpémnet ta "kKAeldld" tou JSON og ovopata oTnAwv Kot Ti§ "Tpeg” oe
SeS0UEVA YPOLUWV.

e Edappoyn: 16aviko otav naipvete Sedouéva anod web services.
4. pd.read_sql()
Frepupwvel ToV KOOUO TWV Bacewv Sedopévwv pe TNV Python.

e Mwg Asttoupyei: Xpeldletal pla "ouvbeon" (engine) mou Snuiloupyeital cuvnBwg He TN
BBA0BNKn sqglalchemy. Tou &ivete o evioArp SQL (m.x. SELECT *) kot n Pandas
avaAapBAaveL va LETATPEYPEL TO ATMOTEAECLA TOU EPWTAATOC O€ TivaKa.

e MAcovékTnpua: Asv xpeldletal va e€Ayete xelpokivnta Sedopéva amno tn Baon os CSV.
5. pd.read_html()
Mia oo TIG TILO EVTUTIWOLOKEG EVTOAEG yLa "web scraping”.

e MMwg Asttoupyei: Zopwvel Tov KWK pLag LotooeAidag Kat evtoTilel Ta tags <table>. Emeldn
pLo oeAiba propel va €xeL ToAAoUG Ttivakeg, emtotpédel Alota and DataFrames.

o MepLoplopog: Aeltoupyei HOVo e oTATIKOUC TIVAKEG IOV UTtdpxouv otov HTML kwdika tng
oeAidac.

6. pd.read_clipboard()

O Lo ypAyopog TpoToc yia "nmpoxepn" avaiuon.
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o Mwg Astoupysei: Av €xete kavel avtypadn (Ctrl+C) pa meployn keAlwv amo to Excel f évav
Tvako amo pLa L.otooeAiba, TpEXovTag auth TV evioAn, n Pandas Stafalel To mpoOxeLpo Kal
TO KAvel avutopata DataFrame.

7. pd.DataFrame()
H evtoAn yla xelwpokivntn dnuioupyia f LETATPOTN ECWTEPLKWY SOUWVY TNG Python.
e Nwg Aettoupyei: Maipvel Sopgg onwe As€ika (Dictionaries) ) Alotec.

e Mapadsiypa: Eva Ae€lkod Omou ta KAELSLA ival ol TitAol Twv oTtnAwv Kal ot Aloteg gival ta
TIEPLEXOUEVQ, YIVETOL AUECWCE TILVOKOG.

8. pd.json_normalize()
0 "e€opahuvtng" yla cuvOeta Sedopéval.

e Nwg Aswtoupyei: NoAAa apyeia JSON eival "epdpwAsupéva” (nested), dnAadn pla TLun
propel va mepléxetl éva ahho As€ikd péoa tng. H json_normalize "avoiyel" autd ta enineda
KoL Snuwoupyet évav emninedo (flat) mivaka.

o Tati eival xpAowyun: Metatpemnet Sopég onwe {'mehdatng': {'ovoua': '"Avva', 'moAn": 'ABnva'l}
o€ 600 oTAAEG: MEAATNC.OVOUA KAl TIEAATNG.TIOAN.

import pandas as pd

import numpy as np

import json

import tempfile

import os

from sglalchemy import create engine

import requests # ©ua xpnoipomoinbel pdvo via enidelén (mpoalpetKA)

# ___________________________________________________________________
# 1. pd.DataFrame () - Anuloupyla DataFrame omd Acflxd ) Alota
# ___________________________________________________________________
print("1l. pd.DataFrame () - AnuLoupyla omd AefLxd")
print("-" * 60)
data dict = {
'Name': ['Anna', 'George', 'Maria'],
'Age': [25, 30, 28],
'City': ['Athens', 'Thessaloniki', 'Patras']
}

df from dict = pd.DataFrame (data_ dict)
print("AnuioupynOnke DataFrame:")
print (df from dict)

print(”\n” + ”:”*80 + H\nll)

B o
# 2. pd.read csv() - Avé&yvwon oamd apxelo CSV

B
print("2. pd.read csv () - Avé&yvwon omd CSV")

print("-" * 60)

# Anutloupyla mpoocwplvold CSV apxelou
csv_content =

with tempfile.NamedTemporaryFile (mode='w', suffix='.csv', delete=False,
encoding='utf-8"') as tmp csv:
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tmp csv.write(csv_content)
tmp csv_path = tmp csv.name

df csv = pd.read csv(tmp csv_path)

print("Asedopéva and 1o mpoowplvd CSV:")

print (df csv)

os.unlink(tmp csv_path) # Ailaypoaen mpoocwplvol apyxelou

print("\n" + "="*80 + "\n")

# ___________________________________________________________________
# 3. pd.read excel() - Avayvwon amd Excel

# ___________________________________________________________________
print("3. pd.read excel() - Avé&yvwon omd Excel")

print("-" * 60)

try:

# AnottelTol openpyxl yia syypaen/avayveon Excel

with tempfile.NamedTemporaryFile(suffix='.xlsx', delete=False) as
tmp xlsx:

tmp xlsx path = tmp xlsx.name

# Amo6nxevon tou df from dict oe Excel

df from dict.to excel(tmp xlsx path, index=False, engine='openpyxl')

# Avayvwoon oamd 1o Excel

df excel = pd.read excel (tmp xlsx path, engine='openpyxl")

print("Aedopéva amd 10 mpoocwplvd Excel:")

print (df excel)

os.unlink(tmp xlsx path)
except ImportError:

print ("H B LRAL0OAKN openpyxl dev gival eykateotnuévn. MopaAielmetol 1O
nopdde Lypa Excel.")

print ("Eyxkoataothote Tnv pe: pip install openpyxl")

print("\n" + ":"*80 + H\nll)
B o
# 4. pd.read json() - Av&yveon amd JSON
# ___________________________________________________________________
print("4. pd.read json() - Av&yvwon amd JSON")
print("-" * 60)
json _data = """|
{"Name": "Nikos", "Age": 35, "City": "Heraklion"},
{"Name": "Anna", "Age": 25, "City": "Athens"},
{"Name": "George", "Age": 30, "City": "Thessaloniki"}

J URIAI

with tempfile.NamedTemporaryFile(mode='w', suffix='.7json', delete=False,
encoding='utf-8"') as tmp Jjson:

tmp Jjson.write(json data)

tmp json path = tmp json.name

df json = pd.read json(tmp_ json path)
print("Aegdopéva and 1o npoowplvd JSON:")
print (df json)

os.unlink(tmp json path)

print("\n" + "="*80 + H\nll)

B
# 5. pd.read sgl() - Avé&yvwon amd SQL B&on dedopévwv

# ___________________________________________________________________
print("5. pd.read sqgl() - Avéyvwon omd SQL (SQLite in-memory)")

print("-" * 60)

# Anutloupyla in-memory SQLite B&oncg

engine = create engine('sglite:///:memory:")
# AnmoBnkeuvon tou DataFrame oce mivaxa SQL
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df from dict.to sqgl('employees', engine, index=False, if exists='replace')
# Avayvwoon pe SQL query

df sqgl = pd.read sqgl('SELECT * FROM employees WHERE Age > 25', engine)
print ("AnotéAeopa epwThpaToC SQL:")

print (df sgl)

print("\n" + "="*80 4+ "\n'")

# 6. pd.read html () - Av&yvwon amndé HTML mivoxeg

print("6. pd.read html () - Av&yvworn mivaxeov ond HTML")
print("-" * 60)
html string = """
<html>
<body>
<table>
<tr><th>Name</th><th>Age</th></tr>
<tr><td>Alice</td><td>28</td></tr>
<tr><td>Bob</td><td>32</td></tr>
</table>
</body>
</html>
with tempfile.NamedTemporaryFile (mode='w', suffix='_.html', delete=False,
encoding='utf-8"') as tmp html:
tmp html.write(html string)
tmp html path = tmp html.name

df list pd.read html (tmp_html path) # Eniotpéeel Alota oand DataFrames
df html df 1ist[0] # O mpdtog mivoxog

print ("I {voxoag omd HTML:")

print (df html)

os.unlink(tmp html path)

print("\n" + ":"*80 + n\nn)

# ___________________________________________________________________

# 7. pd.read clipboard() - Av&yvwon amnd mpdxeLpo

B
print("7. pd.read clipboard() - Avé&yvwon omd mpdxeLpo")

print("-" * 60)

print("T'ita va Aecitoupyhoel, mpémel va €xete dedopéva orto updxelpo (m.x. oamd
Excel) .")

print ("llpocopoiwon: Ba dnuLoupyhocoupe O0edouéva Kol Ba ta avtLlypdloupe OTO
npdxeLpo.")
print ("Se mepLP&ANOV xwplc GUI, n read clipboard() pmopel va amotUxetl.")
print ("Ed®) omAd deixvoupe tn xpnon:")
print ("df = pd.read clipboard()")
# T'ia Adyouc mAnedtnIiag, npoomabolue vo eKTelécoups aAAd pe try/except
try:

# AnuiloupyoUue éva string pe dedopéva kol tomoBetoUpe o1o HPOXELPO (ov
vunootnplletat)

# Inpelwon: e mepLPdArrov xwplc GUI, autd dev Ba AglLTOoUpPYHOEL.

import pyperclip # mpootpet k) BLRALOOAKN yix clipboard

sample data = "Name\tAge\nEleni\t22\nDimitris\t27\n"

pyperclip.copy(sample data)

df clip = pd.read clipboard()

print("Aedopéva oamd 1o mpPd)eLpo:")

print (df clip)
except ImportError:

print ("H BLRAL0OAKN pyperclip dev eival eyxkateotnuévn. MopoAielmetal 1
exTéAeon.")
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print ("Mmnopeite va eykataoctfioeTte: pip install pyperclip")
except Exception as e:

print (f"Aev Atav duvarth n oavdyveoon oamad 1o npdxelpo: {el")
print("\n" + "="*80 + "\n")

# ___________________________________________________________________
# 8. pd.json normalize() - Metatponn évbetou JSON ce enimedo DataFrame
# ___________________________________________________________________
print("8. pd.json normalize() - Enmimedo (flatten) &vBeto JSON")
print("-" * 60)
nested json = {
'status': 'success',
'data': [
{'id': 1, 'name': 'Product A', 'details': {'price': 100, 'stock':
50}},
{'id': 2, 'name': 'Product B', 'details': {'price': 200, 'stock':
30}},
{'id': 3, 'name': 'Product C', 'details': {'price': 150, 'stock':
0}}
1
}
# Xpnon json normalize oto medio 'data' (n xUplLa xpeHon)

df normalized = pd.json normalize(nested json['data'l])
print ("Eninedo DataFrame amd 1o €évBeto JSON:")
print (df normalized)

print("\n" + n:u*so + H\nll)

print ("TEAOS [POT'PAMMATOS")
K. 3.4.18: Napadetyua twv uedodwv yia eloaywyn debouévwy ota MAatoiwv Aedouévwv

3.4.18. E¢aywyn Aedouévwy

MéBodo¢g Nepypadn) Emotpodn
E€ayet Tto DataFrame og é€va
apxeio CSV. , , , ,
df.to_csv() Me index=False amogelyetat  n :j:(.:lt:X__ch;/l(SS_apxaLo_eﬁaywynq.csv !
anoBrikeuon  TwV  aplOpwWV -
VPOUUWV.

E€aye. to DataFrame o€ é€va

r E . I A 1 4 ’ . 1
dfto_excel() apxelo xcel. Anmaweitar  n df.to_excel('to_apxeio_eEaywyng.xlsx',

gyKataotoon ¢ sheet_name='Aedopéva’, index=False)
BBAL0BNKNC openpyxl.
df-to_json() EE,('IW'EL TO PataFrame oe éva df:to_jslon('to_clxpxaio_eﬁaywvr']q.json',
opxeio popdng JSON. orient="records')
from sqglalchemy import create_engine
Eyypader Ta Sedopéva TOU engine
df.to_sql() DataFrame ot £vav mivoka plog create_engine('sqlite:///n_Bdaon_pou.db')
OXEOLOKAG BAong SeSopEvwv. df.to_sql('o_mivakag_pou’, engine,
if exists='replace', index=False)
df.to_html() Metarpertet to DataFrame o€ evav df.to_html('to_apxeio_etaywyng.html')

mivaka HTML.

Avtiypadel to DataFrame oto
T(POXELPO, WOTE VA UTIOPELTE val TO
enmkoAnoete aneuBeiag os aA\n
edapuoyn (m.x. Excel).

Mivakag 3.4.19: MéBobot yia eéaywyn dedouévwy ota MAaloiwv Aedouévwv

df.to_clipboard() df.to_clipboard()



OL puéBoboL to_... 0AC EMTPEMOUV VA LOLPACTELTE T ATOTEAECUATA COG UE AAAOUG XPHOTEG R va. T
anoBnkeVOETE yla LEAAOVTLKN Xprion.

A¢ avoAUCOUE TIC EVTOAEG TOU TTivaKa:
1. df.to_csv()
H mo ouvnBlopévn péBodog amobrikeuong.
e NuwgA&ettoupyei: Anploupyel Evo apXeLo KELWEVOU OTIOU OL TLUEG XwpLlovTal UE KOPUATA.

e H mapdpetpog index=False: Eival efalpetikd onuavtik. Av v Tn XPNOLUOTIOLNCETE, N
Pandas Ba mpooBéoel pia emutAéov GTAAN OTNV apxn UE TOUC aplBuouc Twy ypopuuwy (0, 1,
2...), KatL tou ouvnBwg Sev xpelaldpaocte ota apxela e€aywyng.

e Encoding: Av £xete eAANVIKQ, n xpnon tng mapapétpou encoding="'utf-8-sig' e€aodpalilel otL
T0o Excel Ba avayvwpiosl cwotd Toug xapaktnpeg otav avoifete to CSV.

2. df.to_excel()
I6avikn yia tn dnuloupyia avadopwyv ou tpoopilovtal yLa pn POoyPaUOTIOTEG.
e sheet_name: Jag¢ emitpénel va ovopdoete to $UANO gpyaciag (r.x. "MwAnoceslg 2024").

e MoAAanAd ¢pUAAa: Av B£dete va ypdaete moAAd DataFrames oto 610 apyeio Excel aA\d oe
Stadopetikad pUANa, Ba xpelaoteite To avrikeipevo pd.ExcelWriter.

3. df.to_json()

Xpnolpormoleital kuplwg otav ta dsdopéva mpokeltal va tpodhodoToouV pla LoTtooeAida 1 pia
edappoyn.

e orient="records': Autrl n Tapdapetpo¢ eivar n o SNUOPIAAC, KAOWC UETATPEMEL TO
DataFrame oe pia Alota amo Ae€ika (m.y. [{"id":1, "name":"Anna"}, ...]), Hopdn Tou elval n
OTAVTOP yLa Ta TIEpLocOTEPO Web APIs.

4. df.to_sql()
H nébBodog yla tnv evnuépwaon Bacswv Sedopévwy.
o if_exists: MoAU kplolun MapApEeTPOC.
o 'fail: Aev kavel Tinmota av o mivakog umtdpxeL 6.
o 'replace': Alaypadel Tov aALo ivaka Kal GpTLayVeL VEO.
o 'append': MpocBétel Ta véa Sedopéva 0To TEAOG TOU UTIAPXOVTOC TIiVaKaL.
e XUvbeon: Onwg kal otnv avayvwon, anattei éva "engine" amo t BLRAL0OAKN SQLAIchemy.
5. df.to_html()
Metatpénet ta Sedopéva og KWK LoTooeAISaAG.

o Edappoyn: Xpnowun av BEAETE va EVOWUATWOETE €vav Tivoka oe éva email (os popodn
HTML) rj oe éva web dashboard. Mapdyest oAokAnpn tn Soun <table>...</table>.

6. df.to_clipboard()
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O "uayikog" Tpomog yla petadopd Sedopévwy Xwpis apyeia.

¢ Mwg Aettoupyei: Avtiypadel ta dedopéva oag 0To MPOXELPO TOU CUOTHLATOC.

e Xpnon: TpéXeTe TNV eVTOAN KOl LETA KAVETE amAwG "EmikoAAnon" (Ctrl+V) og éva kevo puANo
Excel n oe éva éyypado Word. Eival o toxutepog TpOmog yla va oteilete éva Selypa

Sedopévwy og évav cuvadeldo péow chat.

import pandas as pd

import numpy as np

import os

import tempfile

from sglalchemy import create engine

import webbrowser # yia mpoemiokdémnon HTML

# ___________________________________________________________________
# Anuioupyla delypatog DataFrame via €fayoyn
# ___________________________________________________________________
print ("AHMIOYPI'IA AEITMATOX DataFrame")
print("-" * 70)
data = {
'Name': ['Anna', 'George', 'Maria', 'Nikos', 'Eleni'],
'Age': [25, 30, 28, 35, 22],
'Salary': [50000, 60000, 55000, 65000, 48000],
'Department': ['Sales', 'IT', 'Sales', 'HR', 'IT'],
'Start Date': pd.date range('2023-01-01', periods=5, freq='M')
}

df = pd.DataFrame (data)
print("As{ypo DataFrame:")

print (df)

Print(”\n” + ll:ll*loo + H\nll)

# ___________________________________________________________________
# 1. df.to csv() - Efayoyn oe CSV

B o
print("1l. df.to csv() - Efaywyn oce CSV")

print("-" * 60)

# Anuiloupyla mpoowplvolu apxelou CSV
with tempfile.NamedTemporaryFile (mode='w', suffix='.csv', delete=False,
encoding='utf-8") as tmp csv:

csv_path = tmp csv.name

df.to _csv(csv_path, index=False)
print(f"To DataFrame amofnkeUinke oTO0 mpoowplvd apxelio: {csv_path}")
print("llepLexdpevo tou apxelou CSV:")
with open(csv_path, 'r', encoding='utf-8') as f:
print(f.read())

os.unlink(csv_path) # Alaypaeln mpocwplvoU apxelou

Print("\n" + ll:H*loo + H\nll)

# ___________________________________________________________________
# 2. df.to excel() - Efaywyn oe Excel

B
print("2. df.to excel() - Efaywyn oe Excel")

print("-" * 60)

try:
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with tempfile.NamedTemporaryFile(suffix='.xlsx', delete=False) as
tmp x1lsx:
excel path = tmp xlsx.name

df.to_excel (excel path, sheet name='Employees', index=False,
engine='openpyxl")

print (f"To DataFrame amofnxeUinke oto mpoowplvd apxeio: {excel path}")

print("MéveBoc apxelou (bytes):", os.path.getsize(excel path))
# Mpoatpetird: dlLafdloupne niow yia eniBeBalwon
df read = pd.read excel (excel path, engine='openpyxl')
print ("Av&yvweon oand 1o Excel via emifefoalwon:")
print (df read)
os.unlink(excel path)
except ImportError:

print("H R LRAL0BAKN openpyxl dev elval eykateotnuévn. Hopaieimetal TO

nmopdde Lypa Excel.")
print ("Eykatoaotfote tnv pe: pip install openpyxl")

Print("\l’l" + ll:ll*loo + "\1’1")

# ___________________________________________________________________
# 3. df.to _json() - Efaywyn oce JSON

# ___________________________________________________________________
print("3. df.to json() - Efaywyn oce JSON")

print("-" * 60)

with tempfile.NamedTemporaryFile(mode='w', suffix='.json', delete=False,
encoding='utf-8'"') as tmp_ Jjson:
Json path = tmp json.name

# Efaywyn pe mpooavatoAlopnd 'records' (Alota aviLlReLPéEVOV)
df.to_Jjson(json path, orient='records', indent=2)
print (f"To DataFrame amo6nxeUinke ot0 HPOoCwPLvVvO apxelo: {Jjson path}")
print("IepLexdpevo JSON (orient='records'):")
with open(json path, 'r', encoding='utf-8') as f:

print (f.read())

os.unlink(json path)

Print(ll\nll + ":"*loo + ll\nll)

# ___________________________________________________________________
# 4. df.to sgl() - Efaywyrh oe SQL PBd&on dedouévwov

# ___________________________________________________________________
print("4. df.to sqgl() - Efaywyn oe SQL (SQLite in-memory)")

print("-" * 60)

# Anpiouvpyla in-memory SQLite B&oncg

engine = create engine('sglite:///:memory:")

# Eyypoen tou DataFrame oe mivoxo

df.to_sqgl('employees', engine, if exists='replace', index=False)
print("To DataFrame amofnxeUinke otov mnivaxkoa 'employees' tng Rd&ong
SQLite.")

# EniReRalwon pe avéyvwoon

df sgl = pd.read sql('SELECT * FROM employees', engine)
print ("Av&yvwon oamd Tov mivoaxka SQL yvio eulfefalwoon:")
print (df sgl)

print("\n" + nzn*loo + n\nn)

- —_—_
# 5. df.to html() - Efaywyn oe HTML
e
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print("5. df.to html() - Efaywyn os HTML")
print("-" * 60)

with tempfile.NamedTemporaryFile (mode='w', suffix='_.html', delete=False,

encoding='utf-8"') as tmp html:
html path = tmp html.name

df.to _html (html path, index=False, border=l)
print (f"To DataFrame amo®nkeUinke oTo mpoowplvd apxeio: {html path}")
print("IleplLexdpevo HTML (mpodteg 5 ypoupécg) :")
with open(html path, 'r', encoding='utf-8') as f:
html content = f.read()
print(html content[:500] + "...") # Epo&vion apxfc tou HTML

# HpoalpeTkA: &VOLYPX OTO browser (OXOALAOREVO VLA AIOPUYT)
# webbrowser.open (html path)

os.unlink (html path)

Print("\n" + ll:H*loo + H\nll)

# ___________________________________________________________________
# 6. df.to clipboard() - AviLypaen oT1o mpdXeLEO

B o
print("6. df.to clipboard() - AvILlLypaern oto mpodxeLpo'")

print("-" * 60)

print ("H evioAn df.to clipboard() avtiyp&pel To DataFrame oto mpdxelpo.")

print("Itn ocuvéxelLa, pnopelte va 1o emLkKOAANCetTe (m.x. og Excel 1) &AAo
npoypoppa) . ")

try:
df.to _clipboard(index=False)
print("To DataFrame avtLypdenke oto npdyxetLpo.")
print("Aokipdote va TO EMNLKOAANCETE O¢ &va mpdypoppo. ")
except Exception as e:
print (f"Aev Atav duvath 1 aviLlypoen oto npdyxeilpo: f{el")
print ("Autd pmopel va cuppalvel oeg meplRdAiov xwplc GUI 1 xwplc
unoocthplén clipboard.™)
print("\n" + "="*100 + "\n")

print("TEAOZ [IPOTPAMMATOZ")
K. 3.4.19: Mapadeiyua twv pedodwv yia eéaywyn deboucvwy ota MAatoiwv Asdougvwv

3.4.19. OAokAnpwuevo MNapadeyua ota MAaiowa Aedopevwy: Alaxeiplon Mpoidoviwy

Tithog: Zuotnua Awaxeipiong Mpoidviwv pe Pandas

To mpdypappa xpnotpomotel t BLPALBNAKN pandas yia tn Stoxeiplon koataldyou mpoioviwv. To

clOoTNUO TIEPLEXEL TG £€NC AELTOUPYILEC:
1. Anuoupyia kal apxikomoinon DataFrame pe ta €€Ag media:
e product_name (6vopa poiovroc)

e price (tTiun)
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¢ manufacturer (kataokeLAOTAG)

2. BaOLWKEG AelTOUpYIEG:

e [pocBnkn VEwv PolovVIWY

e Eudavion OAwv Twv Mpoidviwyv

e Avalntnon npoioviwv BACEL KATACKEUAOTH
e Evnuépwon TLpwv mpoidviwy

e Alaypadn mpoioviwy

3. AmoBnkeuon kot Avaktnon:

e AnoBnkeuon dedopévwy oe CSV apyeio

e  Doptwon dedougvwy anod CSV apyeio

e EmaAnBeuvon ot ta Sedopéva Slatnpolvtal cwotd

import pandas as pd
import os

class ProductManager:
def init (self, filename='products.csv'):
self.filename = filename
self.products _df = self.load products()

def load products(self):

if os.path.exists(self.filename) :
try:
df = pd.read csv(self.filename)
print(" Ta dedouéva opTAOnKav emLITUuX©g and 1o apxeio")
return df
except Exception as e:

print (£f" X So&iupa edptwong apxelou: {el")

# Anuioupyla xevoU DataFrame av 1o apyxelo dev undpxel
empty df = pd.DataFrame (columns=['product name',6 'price',
'manufacturer'])

print("[J Anuioupynénke véog xatdAoyog mpPoldviwv'™)
return empty df

def save products(self):
try:

self.products df.to csv(self.filename, index=False)

print(" Ta dedopéva amoBnKeUINKAY €I LTUXOC")
except Exception as e:

print (£f" X Zoedipo amobrxeuong: {e}")

def add product(self, product name, price, manufacturer):
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new product = pd.DataFrame ({

'product name': [product name],
'price': [pricel,
'manufacturer': [manufacturer]

}

self.products df = pd.concat([self.products df, new product],
ignore index=True)

print(f" [IpooTé6nke 1O mPoldV: {product name}")

self.save products()

def display all products(self):

if self.products df.empty:

print(”gp O xatdAroyog mpoldéviwv elival &deirog")
return

print(”\n Kat&iroyoc Ipoildviwv:")
print("=" * 50)
for index, row in self.products df.iterrows():
print (f"{index + 1}. {row['product name']} - {row['price'l]l}€ -
{row['manufacturer']}")
print("=" * 50)
print (f"20volo npoidviwv: {len(self.products df)}")

def scarch by manufacturer(self, manufacturer):

filtered df =
self.products df[self.products_df['manufacturer'].str.lower() ==
manufacturer.lower ()]

if filtered df.empty:
print (f" Aev BpéBnxkav mpoldvia TOU KATKAOKEUXOTLH:
{manufacturer}")

return
print (£"\n Mpotldvia TOU kKaTOOKeUXOTH '{manufacturer}':")
print ("=" * 40)
for index, row in filtered df.iterrows():

print (f"- {row['product name']} - {row['price']}€")
print("=" * 40)

def update price(self, product name, new price):

mask = self.products df['product name'].str.lower() ==
product name.lower ()

if mask.any():
old price = self.products df.loc[mask, 'price'].values[0]
self.products_df.loc[mask, 'price'l = new price

print(f" H tipf tou '{product name}' evnuepddnxe omd
{old price}€ oe {new pricel}€")
self.save products()
else:

print (£f" X To mpotdév '{product name}' dev PBpéOnke")
def delete product(self, product name):

initial count = len(self.products df)
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product

def

{self.pr

self.pro

def main
# An

self.products df = self.products dfl[
self.products df['product name'].str.lower() !=
name. lower ()

1

if len(self.products_df) < initial count:
print(f" To mpoldév '{product name}' diaypdenxe")
self.save products()

else:

print (f" X To mpotdv '{product name}' dev BpéOnke")

display statistics(self):
""U"Eued&vLlon oToT LoT LROV"""
if self.products df.empty:

print(”mﬂ Aev undpyxouv dedoPEVA YL OTATLOTLKA™)

return

print("\nm] STAT LOT Lk& Katordyou:")

print (f"20volo npoidviwv: {len(self.products df)}")

print (f"Méon tiun: {self.products df['price'].mean():.2f}€")
print (£"YynAdtepn TLpn: {self.products df['price'].max()}€")
print(f{self.products df['price'].min()}€")

print (f"Ap1OudC KATAOCKEUACTOV :

oducts df['manufacturer'].nunique()}")

# IILo dnuo@LlAe (G KATAOKEUAOCTECQ

manufacturer counts =

ducts df['manufacturer'].value counts()

print("\ngz Katoaokeuaotég avd aplOud mpoidéviwv:")

for manufacturer, count in manufacturer counts.items():
print (£" {manufacturer}: {count} mpotdvta")

():

HLoupyla draxelploty mpoldVTwv

manager = ProductManager ()

whil

e True:

print("\n" + "=" * 50)

print(" TYSTHMA AIAXEIPIXHY IIPOIONTQN")
print("=" * 50)

print("1l. IlpooBnkn véou mpoldviog")
print("2. Epedvion 6Awv tov npoldviwv'")
print("3. AvoalhTnon mpotidvioc BRd&oel xoatookeuxotH")
print("4. Evnuépwon tLpng npoltdviog")
print("5. Aiaypoaen mpotdvtog™)

print("6. Ztatiotixka")

print("7. Efodog")

print("=" * 50)

choice = input ("EmiAéte evépyela (1-7): ").strip()

if choice == "1':

print ("\n-= [OPOTOHKH NEOY IPOIONTOZ")

product name = input ("Ovoupa mpotldviog: ") .strip()

try:
price = float(input("Tiun (€): ").strip())
manufacturer = input("Kotooxkevaotng: ") .strip()
manager.add product (product name, price, manufacturer)

except ValueError:
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print (" X A&Boc popeR TLPAC. IMUpokaAd €lodyete aplOud.")

elif choice == '2':
manager.display all products()

elif choice == '3':
print ("\nQ ANAZHTHSH IPOIONTQN")
manufacturer = input("EiLocdyete 6dvopa xatocokeuooth: ") .strip()

manager.search by manufacturer (manufacturer)

elif choice == '"4':
print (" \n@ ENHMEPQYH TIMHZ")
product name = input ("Ovoupa mpotidviog: ").strip()
try:
new price = float(input ("Néo Tiun (€): ").strip())

manager.update price(product name, new _price)
except ValueError:

print (" X A&Boc popeR TLPAC. IMopokaAd elodyete aplOusd.")

elif choice == '5':
print ("\n ATIATPA®H IIPOIONTOZ™)
product name = input ("Ovoua mpoldédviog mpog dLlaypaen: ") .strip()
manager.delete product (product name)

elif choice == '6':
manager.display statistics()

elif choice == "7":
print("§® Efodog amd TO oUotnua. Aviio!")
break

else:

print (" X Mn éyxupn emiAovy. NopokoAd emiAéfte 1-7.")

if name == " main ":
main ()
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Epwtnoelg Autoaélohdynong — Antavtioelc kat E€nynon

3.5.1. Test 'vwoewv: Pandas Series

1. Nota péB0d0¢ EMOTPEDEL TG MPWTEG 5 YPAUUEG LOG ZELPAG;

a) .first()

B) .head()

y) -top()

6) .start()

2. NMouwa gival n Baoikn dtapopd petagy .loc kat .iloc;

a) H .loc xpnotuomnolet Boelg (aptBuolc) kat n .iloc ovopata (labels).
B) H .loc eivat rio ypryopn amno tnv .iloc.

v) H .loc xpnowpomnolet ovopata (labels) kat n .iloc aplBuntikég Béoelg.
6) Aev umdpyel kapia dtodopd.

3. Av Béloupe va poomeAACOUE TTOAU ypriyopa pia povo T (single scalar) pe Bdon t 0€on
™G, moia HEBodog ival n mpotTudTEPN;

a) .iloc

B) .loc

y) .at

6) .iat

4. Tueruotpédel n péBodog .get('key’, 0) av to 'key' Sev unapyel oto index;
o) Xpaipa (KeyError)

B) NaN

v) Tnv tun 0

6) Tnv mpwTn TLUA TG ZELPAG

5. Mot PEBOSOC XPNOLUOMOLEITOL Yl VO KPATHOOUE MOVO TIG TLULEG TIOU LKOVOTIOLOUV L0l
ouvOnKn, petatpénovrag T untdodouneg o NaN;

a) .mask()

B) .where()

y) filter()

6) .drop()

6. Mwg eEAEYXOULLE OV OL TLMEG HLOG ZELPAG BploKovTOL HECO OE Ll CUYKEKPLUEVN AloTa;

a) .exists()
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B) .contains()

y) .isin()

6) .where()

7. Nowa péBodog eniotpédel True/False yia kdBe otowyeio, deixvovrag av ivor kevo (null);
a) .isnull()

B) .empty()

y) .isna()

6) Ta a kat y glval cwotd

8. H pé6odog .dropna()...

o) Ataypadet TG Tipnég NaN amo tn Zepd.

B) AvtikaBiotd ta NaN pe 0.

v) NpooBétel NaN oe kevad KeALA.

6) Metatpénel ta NaN oe strings.

9. TukaveL n pEBodog .fillna(method="ffill');

o) Mepiletl Ta KEVA YE TN LEON TLUN.

B) Mepilel Ta KeVA PEe TNV AUECWG EMOUEVN £YKUPN TLUN.
y) Fepilel Ta Keva pe TNV AUECWE TIPONYOULEVN €YKUPN TLUA.
6) Ataypadel Ta Keva.

10. Mol pEB0S0G uTtoAoyileL TOV HECO OPO TWV TIUWV;
a) .average()

B) .mean()

v) .median()

6) .sum()

11. Nowa evtoAn Sivel pia mARpn otatiotikr) cuvoyn (mean, std, min, max, KAn);
a) .summary()

B) .stats()

y) .describe()

6) .info()

12. TuunoAoyilel n péBodog .cumsum();

o) To CWPEUTIKO YLVOUEVO.

B) Tn Stadopd amnod to mponyoUEeVO oToLXElO.
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v) To cwpeuTIKO dBpoloua.
6) Tnv nocootiaio petaBoAn.

13. Av BéAoupe va TtepLOpiooUpE OAEG TIG TUUEG MLaG ZeLpdg petagy 0 kat 100, ol pEBodog sivat
n KataAAnAn;

a) .round()

B) .clip(0, 100)

v) .between(0, 100)
6) .set_range(0, 100)

14. Nowa péBodog umoloyilel tnv mocootiaio HeETABOA METAU TPEXOUOOG KOl TIPONYOULEVNG
TWHAG;

a) .diff()

B) .pct_change()

y) .shift()

6) .growth()

15. Nw¢ aAAaloupe Tov TUTO SeSopEVwV pLag Zepdg (rt.x. and float o€ int);
a) .convert()

B) .to_type()

y) -astype()

6) .change_dtype()

16. H p€6060¢ .map() xpnoponoteital Kupiwg yia...
o) Tafwounon 6edopévwv.

B) Avtikatdotoon THwv Baost Alkou ) cuvaptnong.
y) YrioAoylopo pécou épou.

6) Alaypadn KEVWV TLUWV.

17. Nowa p€B0bdog emotpédel Eva NumPy array JLE TIG LOVASLKEG TIMEG TNG ZELPAG;
a) .unique()

B) .nunique()

y) .distinct()

6) .value_counts()

18. T emwotpédel n .value_counts();

o) Tov aptOpd Twv HoVaSIKWV TLHLWV.

B) Tn cuxvotnta epdaviong KABe PovadiKnG TLUAG.
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v) To aBpolopa OAwv TwV TLUWV.

6) True av undapyouv SmAoeyypadEg.

19. Nwg eAéyxoupe av 8V0 ZeLp£C elval MavopoloTuneg (i6lo index kat iSLeg TLHEG);
a)sl==s2

B) sl.compare(s2)

v) sl.equals(s2)

6) sl.is_same(s2)

20. MNa va petatpePoupe OAa To KE(HEVA HLaG ZELPAG 0 KEDAAAio, XPNOLUOTMOLOUHE:
a) .upper()

B) .str.upper()

v) .text.upper()

8) .to_capital()

21. Nota péB0So¢ .str adalpel Ta KEVA StooTAATA 0TV ap)XK| Kol 6To TEAOG KABE KELLEVOU;
a) .str.clean()

B) .str.strip()

y) .str.replace(' ', ")

6) .str.cut()

22. Av pua ZELPA TEPLEXEL NLEPORNVIEG, TTWG TTALPVOUHE HOVO TO £T0¢G (year);

a) .year

B) .dt.year

y) .date.year

6) .strftime('%Y')

23. Tukavel n péBodog .dt.is_month_end;

o) Emiotpédel Tnv TEAsUTALA LEPQA TOU VO

B) Eruotpédel True av n nuepopnvia ivat n teAevtaia pépa Tou phva.

v) AlaypAadel TIG NUEPOUNVIESG TTOU Sev glval TEAOC HAva.

6) Ymohoyilel mdoeg PEPEG EUELVAV HEXPL TO TEAOC TOU HAVAL.

24. O "katnyoptkég" (Categorical) Zewpég BonBoulv otnv...

a) AbEnon tng akpifelag Twv Sekadikwy.

B) E€olkovopunon HvAENg Kot taxuTnTa To€lvopnong.

y) Autopatn petddpacn KELWEVOU.
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6) Zuvbdeon pe Baoelg Sedopévwy SQL.

25. MNota pEB0S0¢ EMTPENEL TOV UTTOAOYLOWO £VOG "KvntoL péoou 0pou” (moving average);
a) .expanding()

B) .rolling()

y) .moving()

8) .groupby()

26. TuemotpedeL n péBodog .to_dict();

a) Mua Alota Python.

B) Eva apxeio JSON.

v) Eva As€kd Python (index: value).

6) Eva DataFrame.

27. H napapetpog inplace=True otig peBodoug twv Pandas onpaivel ott...

o) H aAhayn Ba yivel povipa oto unmdpxov oVTLKELUEevO.

B) ©a dnuloupynBei €va véo avtiypado tng Zelpac.

v) H uéBobdog Ba exteleoTtel Lo apyda.

6) Ta NaN Ba ayvon6Bouv.

28. H napapetpog skipna=True (rov ival cuviBwg default)...

o) Ataypadel ta NaN mpLv Tnv mpagn.

B) Ayvoel ta NaN katd tov urtoAoylopo (.. oto aBpolopa).

v) Ztapatdel tnv mpaén av Bpet NaN.

8) Metatpénel ta NaN oe 1.

29. Nota péBodog xpnopomnoleitan yia va aAAa§oupe ta ovopata tou Index;
a) .set_index()

B) .rename()

v) .reindex()

8) .change_labels()

30. Nota pEB0S0G EAEYXEL OV £0TW Ko piat TLUA otn Zewpd eivan True (A pn pnéevikn);
a) .all()

B) -any()

y) .exists()

6) .check()
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3.5.2. Test I'vwoewv: Pandas Series - Anavtnoelc & Emeénynoelg

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

B) .head(): Emiotpédel Tig SNS MPWTEC YpAUEC.

v): H .loc Baciletal oe ovoparta (labels), n .iloc o aképaleg B¢oelg (0, 1, 2...).

6) .iat: Eival n tayutepn péBodocg yla mpocPaocn os Eva LEPOVWHEVO KEAL LEow BEong.
v) Tav TR 0: H .get() emutpénel tov oplopd default Tiung av to KALSL Aetnel.

B) .where(): Atatnpel Tic TLWEC OTOU N cuvenkn LoxVelL, alwe Balet NaN (n o,tL oplooupe).
y) .isin(): EA€yxeL av Ta oTolxela mepLléxovtal o€ pia doun (Alota, set kAm).

6) Ta a kat y eivat owotd: Kot ol SUo pébodot kavouv tnv idla akplPwg SouAeLd.

a): Adatpel evteAwg TG ypappeég mou £xouv NaN.

y): To 'ffill' (forward fill) petadEpet tnv teAeutaia €ykupn TUH TTPOG TA EUMPOC.

B) .mean(): H otatloTik CUVAPTNON VLA TOV LEGO OpPO.

y) .describe(): MapéxetL count, mean, std, min, 25%, 50%, 75%, max.

v) To owpeutikd aBpolopa: MpooBETel kKAOE TLU 0TO TPEXOV GUVOAO.

B) .clip(0, 100): "K6Bel" 6,tL ivat £€w amd ta opta S[0, 100]S.

B) .pct_change(): Yriohoyilet to S(V_{new} -V _{old}) / V_{old}s.

y) .astype(): H pébodog yia "casting" tOnwv Sedopévwy.

B): Xpnowomoleital yla avtiotoixion Tipwy (r.x. 1 -> '‘Male', 2 -> 'Female’).

a) .unique(): Emotpédel TIG LOVASLIKEG TIHEG XWPLE TG GUXVOTNTEG TOUG.

B): Emwotpédel pULa Zelpd e TIC CUXVOTNTES KABE TLUNG Taflvopnuévee pBivouoa.

v) .equals(s2): EAéyxeL Tnv amdAutn wootnta (Values + Index + Dtype).

B) .str.upper(): Mpénel mavra va KaAoU e ToV accessor .str yia string functions.

B) .str.strip(): Apaipel whitespace amo Tig akpeg.

B) .dt.year: Xpnotpomnoloupe tov accessor .dt yLa nUEPOUNVLIEG.

B): Emwotpédel Boolean Zelpd (True av ival n teAeutaia LEpa TOU PUAva).

B): OL katnyopieg amoBnKeUOUV ECWTEPLKA AKEPALOUG KWOLKOUE avTi yLa peyala strings.
B) .rolling(): Anuoupyet éva mapabupo (window) yLa urtoAoyLopouc.

v): Metatpémnel to Series og Python Dictionary.

a): Av inplace=True, n apxkr LetaPAntr aldalel Kal Sev ETUOTPEPETAL VEO OVTIKELUEVO.
B): ETULTPETEL TOV UTIOAOYLOLO OTOTLOTIKWY QKOO KOL OV UTIAPXOUV KEVA.

B) .rename(): Xpnoluomoteital yio aAhayr ovopdtwy o index ] columns.

B) .any(): Emwotpédel True av umapxel TouAdylotov éva True otolxelo.

304



3.5.3. Teot vwoewv Pandas DataFrames

Evotnta 1: Elcaywyn Kat E§aywyn Aedopévwv

1. Motla evtoAr) XpNOoLUOTIOLOUE yia va Slapdacoupie Eva apyeio Excel;
a) pd.read_csv()

B) pd.read_json()

v) pd.read_excel()

6) pd.load_excel()

2. Nota napapetpog otnv to_csv() anotpenel tnv anoBnikevon thg otRAnG Twv dsktwv (0, 1, 2...);
o) header=False

B) index=False

v) save_index=No

6) encoding="'utf-8'

3. Tuemiotpédel n evtoAn pd.read_html();

o) Eva DataFrame

B) Mwa cupBorooelpd (string)

v) Mua Alota and DataFrames

6) Eva apyeio JSON

4. Mowa pEBodog eival n kataAAnAotepn ywa va "wocwwoouvpe" (flatten) éva ocOvOeto JSON pe
epdwAsvpéva tedia;

a) pd.DataFrame()

B) pd.json_normalize()

y) df.to_json()

) df.explode()

Evotnta 2: Emiokonnon kat KaBaplopog

5. Mowa néB0doG bivel pa ypriyopn otatiotiky cvoyn (mean, std, min, max) Twv aplOunTIKWV
othAwv;

a) df.info()
B) df.head()
y) df.describe()

6) df.summary()
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6. NMwg evromniloupe tig eAAeinovosg Tinég (NaN) os éva DataFrame;
a) df.isna()

B) df.missing()

y) df.find_null()

8) df.empty()

7. Me nota péBodo adatpoUpe EVIEAWG TG YPOUEG TIOU TIEPLEXOUV TOUAA)LoTOV pia Tia NaN;
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a) df fillna()

B) df.dropna)

v) df.remove_nan()
5) df.clean()

8. Nota WotnTa (property) pag enMLoTpEdeL TOV APLOUO TWV YPOUUWVY KoL Twv otnAwv (r.x. (100,

5))

a) df.size

B) df.columns

y) df.shape

6) df.count()

Evotnta 3: @ktpdpiopa kat Emtioyn

9. Nowa p£B0S0G emitpENEeL TNV emthoyn dedopévwy pe Baon tig etikéteg (labels) Twv ypoappwv kot
TWV oTNAWV;

a) df.iloc[]

B) df.loc[]

y) df.select()

6) df filter()

10. Tukavel n evtoAn df.iloc[0:5, :];

o) ETiAEyeL TIg TPpwTEG 5 oTrAEg

B) ETUAEYEL TIG MPWTEG 5 YPOUMES KOl OAEC TLG OTAAEG

v) ETAéyel OAEC TIG YPAUUEG OTIOU N TLN gival peta€l 0 Kal 5
6) EMAEYEL TIC TEAEUTALEG 5 YPOUUEG

11. Nowog eival o o gvavAyvwoTog TPOMog va GIATPAPOUHE SESOMEVA XPNOLLOTIOLWVTAG Eval
string (m.x. 'Age > 18');

a) df.loc()

B) df.query()

y) df filter()

6) df.where()

12. Nowa pEB0S0G EAEYXEL OV OL TLUEG LA OTAANG TIEPLEXOVTAL OF L0 GUYKEKPLEVN AloTay;
a) df.isin()

B) df.match()

y) df.contains()
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6) df.equals()

Evotnta 4: ZTatiotikn Kot Opadonoinon

13. Moo eivau To povtédo Asttoupyiag tng groupby();
a) Load-Transform-Save

B) Split-Apply-Combine

v) Read-Filter-Write

6) Join-Merge-Reshape

14. Nowa p€Bodog oto groupby eniotpédel anotéAeopa e To 510 HAKOG ME TO apXtko DataFrame;

o) agg()

B) apply()

y) transform()

) size()

15. Nw¢ untoAoyifoupe To aBpoloTiko abpolopa (running total) pag otiAng;
a) df.sum()

B) df.cumsum()

v) df.rolling().sum()

6) df.expanding().total()

16. Mol pEB0S0G eMLOTPEPEL TOV APLOO TWV HOVASIKWV TLLWV OE |La OTAAR;
a) unique()

B) value_counts()

y) nunique()

8) count()

Evotnta 5: Xelplopdg Keyrévou (Strings)

17. Mg rtolov accessor £XOUHE tpOoBaon oTLg LEOOS0UG KELLEVOU;

a) .text

B) .str

y) .txt

) .string

18. Nowa p€B060o¢ adalpel Ta KEVA Ao TNV apxn Kat To TENOG VOG string;
a) strip()

B) clean()
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y) lower()

6) replace()

19. T emwotpédel n df['name'].str.contains('Anna’);
o) Muwa Alota pe ovopata

B) Eva véo DataFrame

v) Mo boolean Series (True/False)

6) Tov aplBuo twv epdavicewv

20. Mol pEB0dOG Xwpilel Eva string o€ SUO 1) TEPLOCOTEPEG OTAAEG BACEL EVOG SLAXWPLOTLKOU;

a) slice()

B) split(expand=True)

v) extract()

8) partition()

Evotnta 6: Xpovooeipeg (Datetimes)

21. Mg molov accessor £XOUHE MPAoBaon oTig LBLOTNTEG NLEPOUNVLAG;
a) .date

B) .time

y) .dt

8) .ts

22. Nw¢ maipvou e To Gvopa TG Népag (T.X. "Monday") and pa otriAn datetime;
a) .dt.day

B) .dt.weekday

y) .dt.day_name()

6) .dt.isocalendar()

23. Tukavel n péBodog .dt.normalize();

a) MeTatpémel TNV nUepounvia oe string

B) Mnébevilel tnv wpa (00:00:00) kpatwvtag LOVO TNV NUEPOUNVIA
v) AMGCeL tn {wvn wpoc

8) Ztpoyyulomolel 0To MANCLECTEPO £T0G

Evotnta 7: NapdBupa (Rolling & Expanding)

24. TuvuntoAoyileL n df['sales'].rolling(window=7).mean();

o) Tov HECO GPO OAWV TWV TWANCEWV
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B) Tov Kvnto PECO OPO TWV TEAEUTAIWY 7 NUEPWV

v) Tov uéco 6po ava efdopdada Tou £Toug

6) Tig mwANOELS TNG 7NC NUEPAS

25. Mol péBodog Sivel peyadtepn BaputnTa OTLG TTILO IPOOPHATEG TIUEG;

a) rolling()

B) expanding()

v) ewm()

6) cumsum()

26. TukaBopileL n MapaueTpog min_periods;

o) To ouvoAkO pRKog tou DataFrame

B) Tov eAdyLoto aplBUo pn-KEVWVY TIIWV yla va BYEL anotéAeopa oTo mapabupo
v) Tn ouxvotnTa TNG XPOVOCELPAS

8) Tov aplBuod Twv oTNAWV

Evotnta 8: ZUyKpLon Kat ZUVOUACHOG

27. Nowa pEB0dog eiyvel Tig Stadopég petalL SUo DataFrames SimAa-6inAo;
a) equals()

B) compare()

y) diff()

6) match()

28. Nota pEB0dog eAéyxel av SUo DataFrames sival akplfwg iSia kKol emiotpédel €va Povo
True/False;

a) ==
B) eq()

y) equals()

6) all()

29. Nw¢ tpooB£toupe SUo DataFrames avrikaBiotwvtag ta NaN pe 0 Katd Thv mpagn;
a) dfl + df2

B) dfl.add(df2, fill_value=0)

y) dfl.sum(df2)

6) dfl.append(df2)

30. Mowa péBodog enttpEmnel TNV ePpapHoyr) LLOG TTPOCAPHOOUEVNG OUVAPTNONG O KAOE ypopun
evog DataFrame;
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a) apply()
B) map()

y) transform()

5) aggl)
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3.5.4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Teot N'vwoewv Pandas DataFrames - Aravtnoelg kat EEnynoelg

v (pd.read_excel): EL6wkr) ouvaptnon yla apyeia .xlsx/.xls.
B (index=False): Av 6ev oplotei, n Pandas amoBnkelel To index wg mpwTn oTAAN.

v (M Alota and DataFrames): Emeldn pa oeAida HTML pmopel va £xel ToAAOUG mivakeg
(<table>).

B (pd.json_normalize): ZedutAwvel ta Lepapykd JSON o€ eninedn popdn.
v (df.describe): Napayel otatiotikd (count, mean, std k.Am.).

o (df.isna): Emwotpédel True 6mou untdpyet NaN.

B (df.dropna): "Metdel" TIG ypOoUUEC e EAALT Sebopéval.

v (df.shape): Emiotpédel mAetada (rows, columns).

B (df.loc): Label-based emiAoyn).

B (EMA€yEL TG MPWTEG 5 YPAMUUEG...): To 0:5 oto iloc eival amokAelotiko yia to 5 (0 £wg 4),
TO : onUoivel OAeg oL OTHAEG.

B (df.query): Emutpénel oUvtagn tumou SQL.
o (df.isin): MoAU ypriyopo yia diAtpaplopo Baoel Alotag.
B (Split-Apply-Combine): H BspsAiwdng apxn thg opadomnoinong.

v (transform): Emotpédel Series (8lou peyéBoug He TO OpXlKO (XxprAowo yla
KovoviKkomoinon).

B (df.cumsum): Cumulative Sum.

v (nunique): Number of Unique values.

B (.str): Amapaitnto mpoBepa yLa string operations.

o (strip): Adaipel whitespace.

v (Mwa boolean Series): EA£yxel kABe ypappun kat Bydlel True n False.

B (split(expand=True)): To expand=True dnpLoupyel véeg otnAeg avti ya Alotec.
vy (.dt): Datetime accessor.

vy (.dt.day_name()): Emiotp£del To OGvopa TNG NUEPAS WG KELPEVO.

B (MnébevileL tnv wpa): Xpriolpo otav pag evdladEpel LOVO N nUepopnvia.
B (Kwnto péco 6po): Yrohoyilel Tov péco 0po o€ "napabupo” 7 Bécswv.

v (ewm): Exponential Weighted Moving average.

B (EAGxLoTOG aplOUOGC TIUWV): EMTpETel UTTOAOYLONOUG aKOUA Kal av To tapdBupo Sev sival
"yepadro".

B (compare): Asixvel Tig alhayEcg (self/other) avad kehd.
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28. y (equals): EA€yxeL avTIKelLEVO TIPOG QVTLKELLEVO, OXL OTOLXELD TIPOG OoTOLKELO.

29. B (dfil.add(df2, fill_value=0)): OL péBodol (add, sub k.Am.) eival mo aodaleic and toug
TeEAEOTEG (+, -) o apald SeSopéva.

30. a (apply): H rio euéAiktn péBodocg yla custom uTtoAoyLopoUG ava ypappn (axis=1).
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KEDAAAIO 4: NEPIFPADIKH 2TATIZTIKH KAl ONTIKOMNOIHZH
AEAOMENQN

H Nepypadikn Iratiotkn (Descriptive Statistics) amoteAel to BgpéAdio tng Emotiung Asdopévwv
(Data Science). Mpokettal yla To cUVOAO Twv HeBOSwWV Tou Xpnolpomololvtal yla Tn culloyn,

opyavwar, cuvoyn Kot mapoucioon SeSouévwy e TPOTO EUANTITO KAl KATAVONTO.

Ye avtiBeon pe tnv EMoywylkn ITATIOTIKN, N omola mpoomaBel va kavel PoPAEYELS 1] VEVIKEVOELS
yla évav mAnBuopd, n Meplypadlky ZTOTIOTIKA €0TLALEL QTTOKAELOTIKA OTO va Teplypael "tu

oupBaivel" ota deSouéva TOU £XOUHE OTO XEPLA LG TWPA.

Y10 meplBdrov tn¢ Python, n Stadikaocio auth yivetal €ALPETIKA LOXUPH HEOW E£EELOIKEUUEVWVY

BBALOONKWV:

e Pandas: lNa tn poptwon, kabaplopd kot Staxeipion twv dedopévwy (DataFrames).
e NumPy: lNa ypriyopou¢ pabnuatikolg UTIOAOYLOHOUC.
e Matplotlib & Seaborn & Plotly: 'a t dnuioupyia MAOUCLWY KOL EVNUEPWTIKWY

vpopnuUaTWV.

To mapov kepalatlo Sopeital og SU0 KEVTPLKOUG MUAWVEC:

¢ Nepypadikn otatiotikn: Moootikn poosyylon (AplBuntikr cuvon Twv dedopévwy).

¢ Nepypadikn otatiotikn: ONTKA npocéyyion (Avayvwplon LoTiBwy péow ypadnuatwy).
Me TNV HEAETN QUTWV TWV ONUELWOEwWY, Ba slote og BEon va:

Awokpivete Toug TUMoug dedopévwv: Katavonon tng Stahopdg HeTal TOLOTIKWY

(kaTtnyopKWwV) KAl TOGOTIKWVY (aplOUNTIKWV) HETABANTWY Kol W n Python Tig

Slaxelpiletal.

YnoAoyilete Métpa Kevrpikrg Taong: Xprion evioAwv yLa Thv eUPECH TOU LECOU OPOU
(mean), tng Stapéoou (median) kat TNG eMkpaTOUOAC TLUNG (Mode) yLa Tov EVTOTLoUO ToU

"kévtpou" Twv SedopEvVwy.

A&loloyeite Tn MetaBAntotnta: YIOAOYLOMOG LETPWY SLACTIOPAC, OTIWGE N TUTILKH OTOKALON
(standard deviation), n StakUpavaon (variance) kat to eUPOC (range), yLo VoL KOTAVOINOETE TNV

£EAMAWON TWV TWWV.

Avayvwpilete tTn Mopdn ¢ Katavoung: Xprion pEtpwy onwce n Aofotnta (skewness) kat n

kUptwon (kurtosis).
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e Anpoupyeite Ene§nynpatikd Npadnpota: KOTAoKeUT LOTOYPOULATWY, BNKOYPOULATWY
(boxplots) kat Staypappdtwy Stacmopdg (scatter plots) yla tnv omtiki emaAnbsvon Twv
OPLOUNTIKWY CUUTTEPATUATWY.

e Evrtonilete Akpaiceg Tipuég (Outliers): Xprjon oTaTIOTKWY KOL OTTTIKWY HEBOSWV yLa tov

EVIOTULOWMO TLUWV TIOU AMOKALVOUV GNUAVTIKA Ao ta uTtoAouna Sedopéva.

MNeplypadikn 2ZTatloTikr: MoooTikr MNpooéyyLon
H Noocotikn Mpooéyylon otnv meplypadikn otatiotikh elval n Stadikacia clvoyPng evog cuvolou
Sebopévwv péow aplBpnTKwy Selktwv. Otav €xoupe XAASEG N ekaToppUpla eyypadEg, sival
aduvatov va BydAoupe cupnépacpa Koltalovtag amiwg TiG "wHeéG" TIHES (raw data). Xpelalopoote
£vav TPOTIO VO CUUTIUKVWOOUUE TNV TIAnpodoplia o peplkolc, eUKoAa Slaxelpiolpoug aplBuoug mou

TEPLYPADOUV TNV «TAUTOTNTO» TOU SELYUATOS LOG.

Y& auUTO To KeEPAAaLlo, Ba E0TIACOUUE OTNV aplOUNTIKA cuvoln. TOXOC HaG Elval Vo OIOVT)COUUE
O€ OUYKEKPLUEVO EPWTNUATA Xpnolpomnolwvtag thv Python: «Mowa ivat n tumiky Twun;», «Noco

SLad£pPOuV OL TIECG HETALY TOUG;», «YTIAPXOUV OKPALEG TLUEG TTIOU OTPERAWVOUV TNV ELKOVA;».
H noootikn meplypadr Baociletol os TPELG KUPLOUG TIUAWVEC:

o) Métpa Kevtpwkng Taong (Measures of Central Tendency). Autol ot deiktec mpoomaBouv va

EVTOTILOOUV TO «KEVTPO» TNG KOTAVOUNC. Mag Aéve ToU Telvouv va CUYKEVIpWVOVTAL Ta Sedopéva

pac.

e Méoog Opog (Mean): O aplOuntikog LECOC, N To Kown pétpnon, oAAd egvaicBbntn os

OKPOLEG TIHEG.

e Awdpeoog (Median): H tiur mou xwpilel ta Sedopéva akplBwg otn péon. Eival o avOektikn

(robust) os akpaisg Tpéc.
e EmwkpatoUoa T (Mode): H tipn mou spdaviletal ouxvotepa oto cUVOAO SESOUEVWV.

B) Métpa Awaomopdg | MetapAntotntag (Measures of Dispersion). H yvwon tou kévtpou &ev
opkel. Ao TUAUOTA HaBNTWV popet va €xouv tov 8lo péco 6po Babuoroyiag (m.x. 15), aAl\a oto
£va 6MoL va éypadav amd 14 £wg 16 kat oto &AAo amo 10 £wg 20. Ta pétpa Staomopdg pog dsixvouv

ndoo «anmAwpévay gival ta Sedopéva.
e EUpo¢ (Range): H amootaon LETALY TNG LEYLOTNG KOL TNG EAAXLOTNG TLUAG.

e Awakupaven (Variance): O Héoog 0pOC TWV TETPAYWVWY TWV OMOKAICEWV Ao ToV HECO OPO.
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e Tumwk AmnokAwon (Standard Deviation): To Mo onuaviikd HETPO SLAOTIOPAC, TIOU HOG

Selyvel Tn péon amooTaon TwV MAPATNPHOEWY oo ToV LEGO OpO.
e Evbotetaptnuoplakd EVpog (IQR): To elpog Tou pecaiou 50% twv S£60UEVWV LOG.

e JuvteAeotig petaPAntotnrag (Coefficient of Variation — CV): Tov xpnolUOMOLUUE yLa vol
ouykpilvoupe tn petafAnTotnTa SUo SLapopeTIKWY SESOPEVWY TIOU £XOUV OLOPOPETIKES

HOVASEC HETPNONG 1 TTOAU SLadOPETLKOUC LEGOUG OPOUG.
v) Métpa Oong ko Ixnpoatog (Measures of Position & Shape)

e Ekatootnuopla & Tetaptnuopia (Percentiles & Quartiles): Mag BonBouv va kataAdpoupe

™ oxetkn O€on pLag TAc (m.y. «eloot oto avwtepo 10%»).

e Nofotnta (Skewness) & Kuptwon (Kurtosis): AplOuntikol Seikteg mou meplypadouv tn
CUMMETPLA Kal TNV «o€VTNTA» TNG KAUTIUANG TwV Se60UEVWV HaG, XWPLG va XpelaoTel va Tn

{wypadiooupse.

Ytnv Python, n BLBAL0Br KN Pandas pog npoodépet epyaleia yia va umtoAoyicoupe OAa Ta mapandvw
gite pepovwpéva, eite pallkd He evtoAég omwg n describe(), petatpémovtag TOAUTIAOKOUC

HaBNUATIKOUG TUTIOUC OE Lo YPOULN KWOLKAL.

4.1.1. Métpa Kevtplkng Taong, Alaomopdg kal O€ong

0O Mé£oog Opog (Mean) sival to aBpolopa AWV Twv TIHWVY SLatpepévo e to AnBog toug (K. 4.1.1).
e MAcovékTnpo: Aappavel urtdYn OAEC TIG TIUEG.

e Melovéktnua: Eival s€alpetikd svaicbntog oe akpaisg Tipég (outliers). Mia oAU peydAn

TN pmopel va tpaPréeL tov péco 6po mpog ta mavw, Sivovrag Peudn ewkova.

import pandas as pd

# Hopddelypo: MioBol UnoAANAwv (og exatoviddecg €)
# Hopatnpenote tnv tiph 100 (axpala TLpn)

data = {'MLoc66¢': [1l0, 12, 12, 14, 15, 16, 100]}
df = pd.DataFrame (data)

# Ymoloyloudg Méocou ‘Opou
mean val = df['M1c86c¢'] .mean ()

print (f"Méococ Opoc¢: {mean val:.2f}")

# AnotéAsgopa: Mécog Opog: 25.57

# TMopathpnon: O pécog 6pog (25.57) eival moAU peyoAUtepog and TOUQg
neplLoocdTEPOUC pLoboUg (10-16)

# Adyw tou 100.

K. 4.1.1 YrnoAoyioudc Méoou Opou
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H Awdpeoog (Median) sival n pecaia TUA Twy mapatnprioswy otav autég dlataxbolv os alfouoa

oelpa. Av to mAnBog eivat Luyo, sival o Lécog 6pog Twv duo pecaiwv (K. 4.1.2).

o [AeovékTnpua: Asv emnpedletol amd akpaieg TIUEG (Robust).

e Xpnon: MNpotiudtal 6tav ta dedopéva £xouv AofotnTa (M.X. ELCOSAUATA, TILEG AKLVATWV).

# Ymoloyloudg Alapécou
median val = df['M1o86c¢'] .median()

print (f"ALdpecoc: {median val}'")

# AnotéAdeopo: Alduecog: 14.0

# Nopathpnon: H didupecog (14) oviimpoowneUel KOAUTepa Tov "TumlkO" uUndAAnio
# og oxéon pe tov péco 6po (25.57).

K. 4.1.2 YnoAoyiouoc Aiauéoou

H Emwkpatovuca T (mode) eival n tipn mou epdaviletal pe tn LeyaAUTEPN CUXVOTNTA OTO GUVOAO

Sebopévwy (K. 4.1.3).

e l8LattepoTnTo: Mmopel va uTtapyel pia, meploodtepes ano pia (Sikopda dedopéva) N kapia

ETUKPATOU GO TLUA.

e Xpnon: Eivat to povadilkd PETpO TOU Hmopel va xpnolpomotnBel Kal ylo TOLOTIKA

(katnyopwka) Sebopéva (m.x. "Moto elval to o SnuodAég xpwua;").

# Ymodoyloudc EmixpatoUoag TLUAQ

# H .mode () emiotpépel ndvia Series (Alota), yiatl umopel va undpxouv
LoommoAlec.

mode val = df['M1o86c¢'] .mode ()

print(f"EnixkpatoUoa Tipf:\n{mode val}")

# AmotéAeoua:

# 0 12

# Name: MiocBdg, dtype: int6e4

# Hopathpnon: To 12 epopavileTtal mio ouxvd (2 @opécg) .

# TMopddelyua pe XKATNyopLlKd dedouéva

colors = pd.Series(['KéxkkLivo', 'MnAe', 'Kéxxlvo', 'Ilp&oivo'])
print (f"AnuogLAéotepo xpduox: {colors.mode() [0]}")

# AmotéAeopoa: ANPOQLAECTEPO XPOUX: KOKKLVO

K. 4.1.3 YrnoAoyioudcg Enikpatovoog Tiunc

H AtokOpaveon kat n Turtik) ATtOKALON glvol Ta TILO GNUOVTLKA KOl EUPEWG XPNOLUOTIOLOUHEVA LETPA
Sloomopdg otnv otatiotiky. Mag Seixvouv moco "amAwpéveg” sival oL TIPEC YUpw OO TOV HECO

0po.

H Awakupavon (Variance) Eival o Héoog 6pog Twv TETPAYWVWY TWV ONMOKALCEWVY KABE TG amo Tov

HETo Opo.
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e Tati tetpaywve; MNa vo UETATPEPOUUE TIG apvnTIKEG Sladopég oe OeTikég (aMLWwG To

aBpolopa Ba ftav undév) Kat yla vo "TILWPHOOULE" TIEPLOGOTEPO TIG LEYAAEC ATIOKALOELC.

e To mpoPAnpa: To AMOTEAECUA ELVOL OE TETPOYWVLIOUEVEG HOVASEG (TL.X. "TETPOYWVIKA eUpwW"

N "TeTpaywvika KIAQ"), mpayua 1iou Sev Byalel dLalodntiko vonua.

H Turukr) AntokAwon (Standard Deviation) Eival n tetpaywvikn pila tng Stakupavong. OuolaoTikag,

enavadEPeL TIG HOVASEG LETPNONG OTNV apPXLK Toug Hopdn. Mag A€€L, KAt LECO OPO, OGO LOKPLA

Bploketal pla TUTILKA Ttapatnpnon omnod to KEVIpo (tov péco 6po). Otav n Tumikn AmokAlon eival

ULKpn Ta dedopéva CUYKEVTPWVOVTAL KOVIA OToV HECO Opo (otabepotnta). Evw peydAn Tumiki

AmokAlon umoSnAwvel otL ta dedopéva Evat amwpéva (aotabeta/petaBAntotnta).

210 mapakatw rapddetypa (K.. 4.1.4) cuykpivoupue tn Beppokpacia o SU0 moAsLg. Kat ol SU0 €xouv

Tov (610 péoo opo (20°C), oM@ n aicBnon tou katpol eival tedsiwg Sladopetikr. To Pandas

uTtohoyilel € oplopoU TNV "Astypatikn” Tumiky amokAon (Stapel pe n-1), ou €ival KoL To cwoto

yla replypadLkr oToTLOTIKY Selypartoc.

import pandas as pd

data = {
'City_A': [19, 20, 20, 21, 20], # XtoBepdg Kalpog
'City_B': [5, 35, 0, 40, 20] # Akpaiog Kai1pog

}

df = pd.DataFrame (data)

# 1. YmoloylLopdg Mécou Opou (yla enmifefoaliwon)

mean vals = df.mean()

print (f"Méon OGeppoxkpoaocia A: {mean vals['City A']}")

print (f"Méon OGeppoxkpoaocia B: {mean vals['City B']}")

# AmnoTéAeoua:

# Méon @ecpuoxrpacia A: 20.0

# Méon @cgpuorpacia B: 20.0

# (0L péooL 6pol eival (dLol, &pa dev delyxvouv 1n dLapopd)

# 2. Ymoloylopdg AlaxUpavong (Variance) - .var()
var a = df['City A'].var()
var b = df['City B'].var()

print(f"AiaxGuovon A: {var_a}")
# AmotéAeopa: Alaxtpavon A: 0.5 (oAU uLkpn)

print (f"AitoxUGpavon B: {var b}")
# AmotéAeopa: AlaxUpoavon B: 312.5 (Tepdotia)

# 3. Ymodoylopdg Tumikhg AndkAlong (Std Deviation) - .std()
std a = df['City A'].std()
std b = df['City B'].std()
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print (f"Tumikrf AmoxkAion A: {std a:.2f}")

# AmotéAeopa: Tumilxkh AmndxkAion A: 0.71

# Epunvela: 3tnv mdAn A, n Beppokpacia mailet ouvibwg +/- 0.7 Babuolg amd
to 20.

print (f"Tumikf AméxkAion B: {std b:.2f}")

# Amotédeopa: Tumlkn AndkALon B: 17.68

# Epunveloa: Itnv mdéAn B, n OGeppokpacia umopel vo améxel xatd péco 6po 17.7
Babupoug amd TO

K. 4.1.4 YrnoAoyiouog Atakouavonc kat Tumikng ArtokAtong

To EUpOG gival to mio anAd PETpo dtaomopdc. Mag Seixvel TNV amootacn HETOEL TNG ULKPOTEPNG KalL
™G MeyoAUTeEPNG TIMAG. Auotuxwg, Tto Pandas 6ev €xel £toyun evioAn .range(), omdte toO

umnoloyiloupe adalpwvtog To eAdxLoTo amno to péyloto (K. 4.1.5).

import pandas as pd

data = {'Hhixkla': [23, 25, 28, 30, 45, 22, 501}
df = pd.DataFrame (data)

# Ymoloyloudg EUpouq
range val = df['HAxia'] . .max() - df['HAix{a'].min()

print(f"Méyiotn tiph: {df['HAix{a'].max()}")
# AnmotéAcopo: Méyiotn tipn: 50

print (f"EA&yxitotn tipfh: {df['HAitx{a'].min()}")
# AmotéAeopoa: EA&xLoTn TLufn: 22

print (f"EUpoc (Range): {range val}")
# AmotéAeoua: EUpog (Range): 28
K. 4.1.5 YrnoAoyioudcg Eupoug

O JuvteAeotnc MetapAntotntag (CV) elval éva kpiolpo epyaleio otav BEAOUE va cUYKPIVOUUE Th
petaBAntotnta SVo Sladopetikwy dedopévwy Tou £xouv SLadOpPETIKEG LOVASEC LETPNONG 1 TIOAU

Sladopetikol ¢ pécouc 6pouc.
Noapadeypa: Molog €xel peyaAltepn dtakupavon Bapouc; Ot eAédaAVTEG ) TA TTOVTIKLO;

Av SoUpe v Tumikn AmokAlon, ot eAédavteg Ba €xouv tepdotia (m.x. 500 KAG) Kot To TovTikia
pikpn (1.x. 0.05 KAG). AuTto OpwWG elval mapamAavnTiko ylati ot eAédavreg elvat e€apxng Baputepol.
O Zuvteheotg MetaBAntotntag (CV) Auvel To mpoPANUa Slapwvtag TNV TUTIKI ATOKALON UE TOV

HEao Opo.

Tomog: CV = — x 100%,
OTIOU S €lval N TUTILKA ATOKALON Kol M 0 WECOC O0poG. Ag dolpe éva mapddelypa epapUoyng Tou
Juvteleotr MetapAntotntag pe petoxeg (K. 4.1.6):

# Eotw d0Uo petoxéc
stock A = [100, 102, 98, 105, 951 # YynAn tiph, uLxpn dLlaxkiuovon
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stock B = [5, 6, 4, 7, 3] # XounAn tiun, peydAn dLakUuovon
AVOAOY LKA

df stocks = pd.DataFrame({'Stock A': stock A, 'Stock B': stock B})

# TUmocg: (Tumixkh AmndxrAilon / Mécog Opog) * 100

cv_ A = (df stocks['Stock A'].std() / df stocks['Stock A'].mean()) * 100
cv_B = (df stocks['Stock B'].std() / df stocks['Stock B'].mean()) * 100
print (£f"CV Stock A: {cv_A:.2f}%")

# AmotéAeopa: CV Stock A: 3.81%

# (Supnmépoopa: IZtabepr petoxn)

print (f"CV Stock B: {cv_B:.2f}%")

# AnotéAeopa: CV Stock B: 31.62%

# (Supnmépooua: oAU eupetdPBAntn/peLlyorivduvn petoxn)

K. 4.1.6 YrmoAoyiouocg SuvteAeotn MetaBAntotntog

Epunveia: Av to CV tng Stock B eival peyaAutepo (m.x. 30%) amnd tng Stock A (m.x. 5%), t0te n

Stock_B sival o "aotadng" n "pupokivéuvn", acx€Twg av n T TG elval pikpotepn.

Ta Ekatootnuopia kot Tetaptnuopia (Percentiles & Quartiles) xwpilouv ta (tagivopnuéva)
6edopéva pog og TuRpata. Mag BonBouv va amavtiooups o€ EpwTNoelg onwg: "Elpat oto top 10%

Twv dottntwy;" 1 "Molo €ival To 6PLOo yLO VO UMW OTn peoaio Tagn;".

To k-00t6 ekatootnuopto (Py) gival n T Katw anod tnv omoia Bpioketal To k% TwV mopaTnpRoswV.
Av 10 nadi oag eivat oto 900 ekatooTNUOPLO UYPouG, onpaivel otL eival PnAdtepo amo 1o 90% twv

matdlwy TG nAKiag Tou.

Elvaw tpla ouykekplpuéva ekatootnuopLa mou xwpilouv ta dedopéva o 4 oa pépn (25% to kabévay).

1. 1o Tetaptnuopio (Ql - 25%): To 25% twv SeSopéVwY elval LIKPOTEPO ATIO AUTO.

2. 2o Tetaptnuoplo (Q2 - 50%): Eivar akpBwe n Aldueoog. To 50% sival ikpoTepo Kot To 50%

peyaAltepo.

3. 3o Tetaptnuopo (Q3 - 75%): To 75% Twv Sedouévwy elval PKPOTEPO amd autd (kal To top

25% HeyaAUTEPO).

H evtoAn-kAe1bi edw elval n .quantile(). Aéxetal Evav Sekadko aplBuo amd 0 éwg 1 (r.yx. 0.25 yia to

25%) (K. 4.1.7).

import pandas as pd
# Aegdouéva: Babuporovyieg 11 oolTnITdv o éva TeoT (Taflvounuéveg yia €UxkoAlw)
scores data = [40, 52, 55, 60, 65, 70, 75, 82, 85, 90, 95]

df = pd.DataFrame(scores data, columns=['Score'])

# 1. Ymodoylopdg Tetaptnuopiwv (Quartiles)
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[o)

# Ql: To onueio mou aehpvel miocw ToUu TO 25% TV EOLINTOV
Ql = df['Score'].quantile(0.25)

# Q2: H Atdupeococ
Q2 = df['Score'].quantile(0.50)

[)

# Q3: To onueio mou aehpvel miocw Tou TO 75% TV EOLTINTQOV
Q3 = df['Score'].quantile(0.75)

print(f"lo TetoptnuépLo (Q1l): {Q1}")
# AmotéAdeoua: lo Tetaptnudéplo (Q1l): 57.5
# (Bploketal avupeoa oto 55 kol 1o 60)

print (f"Alduecog (Q2): {Q2}1")
# AmotéAeoua: Alduecog (Q2): 70.0
# (Elval n peoaloa tipn 1tng Alotaq)

print(f"30 TetaptnuépLo (Q3): {Q3}1")
# AmotéAeopa: 30 Tetaptnudéplo (Q3): 83.5
# (BplokeTtal avdueoa oto 82 kol 1O 85)

# 2. Ynoloyloudc ELdLkoU Exatootnuoplou (Percentile)
# ®@&Aouue va PBpoUpe 10 6plLo yvia To Top 10% (dndAadn to 900 exatootTnudELo)
top 10 threshold = df['Score'].quantile(0.90)

print (£f"Opito yia to Top 10% (P90): {top 10 threshold}")

# AmotéAeoua: Oplo yia 1o Top 10% (P90): 90.0

# Epunveloa: Onmolog éxel méve and 90, avAkel oto kopueaio 10% tng tédéng.
K. 4.1.7 YroAoyiouog Tetaptnuopiwv

MropoUpe emiong va mepdcoupe Pl Alota péoa otnv quantile() ya va mapoupe OAEC TLG TLUEC
tavtoxpova (K. 4.1.8).

# Ymodoyloudc Q1l, Q2, Q3 pe pla eviodn
quartiles = df['Score'].quantile([0.25, 0.50, 0.75])

print(quartiles)

# AmotéAeoua:

# 0.25 57.5

# 0.50 70.0

# 0.75 83.5

# Name: Score, dtype: float64

K. 4.1.8 YmoAoyioudg Tetaptnuopiwv Ue Alota Tipuwv

To EUpog (Range) mou eidape vwpitepa (Max - Min) £€xeL éva peyOAo UELOVEKTNMO: eMnpedleTal
TPOUEPA ATO TIG AKPOLEG TIUEG. Av Og JLa TAEN OAoL mrpav 15-18 kal évag nrpe 0, To Eupog Ba sival
tepaotio (18), Sivovtag AdBog evtunwon. To Evéotetaptnpoplakd EUpog (IQR) AUvel autd to
npoPAnua eotidlovtag oto peoaio 50% twv Sedopévwy. To IQR didetat amd Tov Tumo IQR = Q3 - Q1.
210 oxnua 4.1 aneikoviletal to IQR pe €va box plot, To omoiov Ba To e€nynooupe pe Aemtopépela

oto Kedbdahato 4.2.
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Box plot

Outliers Lower Quartile Mean Median Upper Quartile
Q1 | Q2 Q3
Whisker l Whisker
o o ——o——o00 = o ) x ° o —o0—o0—— o
Minimum Maximum
\ J
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2. 4.1 Antewcévion IQR
Jtov kwoika K. 4.1.9 To peoaio 50% twv umaAAnAwv €xel Stadopd ulobol poAilg 6.000€, mapoio
TIOU UTIAPXEL KATolog mou Taipvel 150.000€. To IQR pag Slvel pa mio PeAALOTIKN EKOVA TNG

"tuTikn ¢ Stakupavong” amno to anAo Eupoc.

import pandas as pd

# Agdopévoa: MiLoBol oe plLa etalpela (og xLAL&deg €)

# Hopatnpnote 61l 10 150 eilval pla akpoalo Tiun (To apeviLixkd!)
salaries = [20, 22, 24, 25, 26, 28, 30, 35, 150]

df = pd.DataFrame (salaries, columns=['Salary'])

# Ymoloyloudg Tetaptnuoplwv

# To 0.25 avtiotolxel oto 25% (Q1l) kot to 0.75 oto 75% (Q3)
Q1 df['Salary'].quantile (0.25)

03 df['Salary'].quantile (0.75)

# Ymoloyiopdc IQR
IOR = Q3 - 01

print(f"lo TetapTtnuoépLo (Q1l): {Q1}1")
# AmotéAeopa: lo Tetaptnudéplo (Ql): 24.0

print(f"30 Tetaptnuéplro (Q3): {Q3}")
# AmotéAeopa: 30 Tetaptnudéplo (Q3): 30.0

print (f"EvdotetaptnuopLlakd EUpog (IQR): {IQR}")

# AmotéAeopoa: Evdotetaptnuoplaxkd EUpoc (IQR): 6.0
K. 4.1.9 YrnoAoyioudg IQR

Ytnv eruotnun 6edopévwy, 0 TILo KOWOg alyoplBpog yia vo Bpolpe "oavutopata” mola TR eivol

akpdta, sivat o kavovag tou 1.5 x IQR.

Opiloupe dUo Ppadyteg (fences):

1. Kdtw Oplo (Lower Bound): Q1 -1.5x IQR

2. Avw Oplo (Upper Bound): Q3 + 1.5 x IQR
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Otiénnorte Bpioketal €€w amod autouc Toug dppayteg, Bewpeitat akpaia Tiun (K. 4.1.10).

# Juvéxela and 1o mponyoUpevo moPddE LYUX. . .

# Ymoloyloudc oplwv
lower bound = Q1 - 1.5 * IQR
upper bound = Q3 + 1.5 * IQR

print (f"K&tw OpLo: {lower bound}")
# AnotéAeopa: K&tw Opto: 15.0

print (f"Ave Oplo: {upper bound}")
# AmotéAeopa: Avwe Oplo: 39.0

# Evtomioudéc twv Outliers
# Wayvouue eyypaeéc pLxkpdTeEPEC TOoU KATW oplou N peyoAUteped TOU AV®
outliers = df[(df['Salary'] < lower bound) | (df['Salary'] > upper bound) ]

print("Evitoni{otnkav ol €&fg axpoaleg Tipég:")
print(outliers)

# AmotéAeoua:

# Salary

# 8 150

K. 4.1.10 YrmoAoyiouog akpaiwv tipuwv e xprion IQR
H Aofotnta (Skewness) LETPAEL TNV QCUUMETPIA TNG KATAVOUARG YUpW OMO TOV HECO Opo. Mag

Seiyvel mpog ta mou "tpaBLétal” n oupd Twv SESOUEVWV.

e No&otnta nepinouv oto 0 (Symmetrical): Kavovikny katavoun. Ta dsdouéva polpalovratl

OUMMETPIKA (ME€oog = Aldpeocog).

e Ocetkf Nofotnta (Positive / Right Skewed): H oupd exteivetal mpog ta defid (mpog Tig

UEYAAEG TIHEG).

e Apvnuiki No§otnta (Negative / Left Skewed): H oupd skteivetal mpog ta aplotepd (MPog Tug

ULKPEC TLUEG).
To mapakdtw mapddstypa untohoyilel tn Aofotnta (K. 4.1.11) SUo cuvoArwv.

import pandas as pd

# Agdopéva pe Oet Lk NofdTNTA (€ LOODAUPAT)

# OL meplLoocdtepol maipvouv Alya, évoag nmoalpvel moAA& (100)
data pos = [1, 2, 3, 4, 5, 100]

df pos = pd.DataFrame(data pos, columns=['Values'])

# Aedopéva pe Apvnt Lk Nofdinta

# OL mepLoocdtepol eival yna& (95-100), évag eival yxoapndd (5)
data neg = [5, 95, 96, 97, 98, 99, 100]

df neg = pd.DataFrame(data neg, columns=['Values'])

# Ynoloyiopdg No&dtnTtac (.skew())
skew pos = df pos['Values'].skew()
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skew neg = df neg['Values'].skew()

print(f"Gct1xf Nofdétnta: {skew pos:.2f}")
# AmotéAeopoa: Oet Lk NofdTnta: 2.45
# (H tiun > 0 emiPBePatdvel tn deé1& oupd)

print (f"Apvnt ik Nofdtnta: {skew neg:.2f}")

# AmotéAeopa: Apvnt LK) NofdTnTta: —-2.64

# (H tipn < 0 emiPBefaltdvel ITnv aploTtepn oupd)
K. 4.1.11 YrnoAoyiouog Noéotntoacg

H Kbptwon (Kurtosis) petpdel tv "aypnpotnta" tng kopudng Kat to "Bapog” twv oupwv (mdco
ouxva epdavilovial akpaieg TIHEG) o OXEON UE TNV KAVOVLKN KOTOVOUN. H AEMTOKUPTWHEVN EXEL
PnAn, Aemtiy kopudn Kal moxlE oupeg (heavy tails). ESw umdpyel peydAn mbavotnta yla akpaieg
TIWEC (outliers). 2Ta XPNHOTOOIKOVOUIKA QUTO onuaivel "pioko". H MeookupTwUEVn OHOLAlEL e TNV
KOWVOVLKA Katoavopr, evw n MAATUKUPTWHEVN €XEL TTAOTLA, XaUnAR Kopudn Kat AsTTEG oUpEG. Edw ta

Sebopéva gival o opolopopda KATAVEUNEVA, ALYOTEPEC AKPALES TLUEG.

To mapakdtw mapdadstypa urtohoyilel tnv Kbptwon (K. 4.1.12) Vo cuvoAwv.

import pandas as pd

# Agdouéva Nenmtoxruptwpéva (Leptokurtic)

# TMoAA& dedopéva oto kévipo (10-10.2) kol Eapvixkd axpaleg tLipég (0, 20)
lepto data = [0, 10, 10, 10, 10.1, 10.1, 10.2, 10.2, 20]

df lepto = pd.DataFrame(lepto data, columns=['Values'])

# Agdouéva MAatuxruptwpéva (Platykurtic)

# To dedopéva eival amAopéva opolduoppa (Uniform distribution)
platy data = [1, 2, 3, 4, 5, 6, 7, 8, 9]

df platy = pd.DataFrame(platy data, columns=['Values'])

# Ymodoyloudc KUptwong (.kurt())
kurt lepto = df lepto['Values'].kurt()
kurt platy df platy['Values'].kurt()

print (f"KUptwon AsntokupTtwpévng: {kurt lepto:.2f}")
# AmotéAeopa: KUptwon AEOTOKUPTOUEVNG: 3.42
# (Tipn > 0: "Mutepn" xatavourn pe heavy tails)

print (f"KUptwon MAatukupTtwpévng: {kurt platy:.2f}")

# AmotéAeopa: KUptwon HAaTukupTtopévng: -1.20

# (Tipn < 0: "MDAatTLA" xatoavoun, xwelg moAAég exkmANfelc OTLC AKPEQ)
K. 4.1.12 YrnoAoyiouog Kuptwaong

4.1.2. Opadormoinon Asdopévwy

H opadomoinon pag emtpémnel va tepoyxioovpe ta dsdopéva pag os kadoug (buckets) pe Pdon
KATola  KOTnyopia, va UTIOAOYIOOUUE OTOTLOTIKA otolxelor yla kaBe kddo Eexwplotd Kal va
EVWOOUUE Ta amoteAdéopata favda. H keviplkrp evioArp oto Pandas eivat n: groupby(). Edw

edapuoletal n phocodia Split-Apply-Combine:
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1. Split (Ataxwplopog): Ta Sedopéva xwpilovral og opddeg Ue BAon Ta KPLTAPLO TTOU 0pilouE
(. ava "TuAua").

2. Apply (Edappoyn): Mia cuvaptnon epapuoletal os kaBs opdada aveEaptnta (T.x.
UTIOAOYLOUOG LETOU OpoU, ABpOLOa, 1) TUTTLKN amokALon).

3. Combine (Zuvévacpadg): Ta amoteAéopata evwvovtal Eava og pLo vea Sopr dedouévwy
(ouvnBwcg Series ) DataFrame) yLa va TOpOUGLOOTOUV GUVOALKA.

Ma va KOTOVONOOUUE TIC €VVOleG, OC UToBéocoupe OtL €xoupe €va DataFrame pe TMWAROCELG
Koataotnuatwy (K4.1.13):

import pandas as pd
import numpy as np

# Anuioupyla €LxroOVLIKOV dedopuévav
data = {

'"Katdotnua': ['A6Ava', 'ABQva', 'Gec/vixkn', 'Geo/vikn', 'IO&tpa',
'A6Rva', 'I&tpa', 'Geo/vikn'l,

'Ipotdév': ['Laptop', 'Mouse', 'Laptop', 'Keyboard', 'Mouse',
'Keyboard', 'Laptop', 'Mouse'l,

'IoAnTAg': ['Tidpyog', "Mopla', 'Nixkocg', 'EAévn', 'Kootag', 'T'tdpyoc',
'Kootag', 'Nixoc'l,

'Moanocetg': [1200, 40, 1100, 80, 45, 90, 1150, 3571,

'TepbxLta': [2, 5, 1, 10, 4, 8, 2, 3]
}

df = pd.DataFrame (data)
print (df)
K. 4.1.13 DataFrame L MWANOCELS KATAOTNUATWV.

H mo amAn popdn sivat va opadomnotiooupe Baoel piag otHANG Kot va UTTOAOYICOUE TOV HECO OPO

(n aBpolopa) yLa Tig urtdAoLTiEG apLlOUNTIKEG OTNAEG.

iﬁvraﬁn:df.groupby('ETﬁAn_Opaéono[nonq')['ApL@pnTLKﬁ_ZTﬁAn'J.ouvdptnon()
Napadeypa: Molog sivat 0 pEcog 6po¢ MWANoewV avd moAn (K. 4.1.14);

# Ymoloyloudc péowv mwAnoewnv oavd KatdoTtnuo

mean sales = df.groupby('Kat&otnua') ['IoAnceic'] .mean ()
print (mean_sales)

K. 4.1.14 Méoocg opoc¢ ava moAn

Epunveia: To Pandas xwploe Ti¢ ypapupég o "ABRva”, "Oea/vikn", "Matpa", Bprike tov Héco 6po yla
™V KaBe pia kot eméotpee To amotédeopua. MmopoUpe va opaSOMOoLCOUE BACEL TIEPLOCOTEPWY

™G pHLag Kotnyoplwy. Autd dnutoupyel éva Multilndex (Lepapytkd eupetrplo).

Napadeypa: Mooa tepdyla mouAndnkav ava Katdaotnua KAl ava Npoidv (K. 4.1.15);

# Opodomoinon pe Alota oTnAdv

sales by store product =

df.groupby (['Katd&otnua', 'TIpotoév']) ['Teudyx ta'] .sum()
K. 4.1.15 NwAnon teuayiwv ava Kataotnua KAl ava Mpoiov

325



Jtnv meplypadlk OTATIOTIKH, ocuxva OéAoupe va PAEMOUUE TOUTOXPOVA TOV HECO Opo, TN
StakUpavaon kot to mAnBog. H pébodog aggregate() n ouvtopoypadika agg() eivat Lbavikn yLo auto

(K. 4.1.16). MTtopoU e va. IEPACOU E:

e Mua Aiota ouvaptroswy (m.x. ['mean’, 'std']).
e Eva Ae€iko (dictionary) yia va opicoupe ladopetikeég mpatelc os SLadopeTIKEG OTHAELC.
# Eoopuoyn TOAAOV OUVAPTHOEDV TAUTOXPOVA OT LG IwAnoeLg

stats = df.groupby('Katdotnua') ['Torncetc'].agg(['mean', 'median', 'std',
'max', 'count'])

# Efe1direupévn opadomnoinon: ABpoloux oOTL¢ MwAnoelg, Mécog 6pog ota Tepdy Lo
custom _agg = df.groupby ('Kataotnua') .agg ({

'TIoANce L¢': 'sum',

'"Teudy Lta': 'mean'
}
K. 4.1.16 MeBoboc¢ agg
Ektog amo tnv amAn cuvoyn (aggregation), umdapyxouv 800 TOAU GNUAVTIKEC AELTOUPYIEC yLa TNV
avaAuon dedopévwy. To pdtpaplopa opddwy (filter) pag emitpénel va KpATACOUUE N va TIETAEOUE

oAOKANpeC opadeg Baoel evog kpitnpiou (K. 4.1.17).

Noapddsiypo: OEAoUUE va KpATHOOUUE SESOUEVO LOVO ATTO KOTOLOTILATA TTOU £XOUV KAVEL GUVOALKO

tlipo dvw Twv 2000€.

# H lambda function eAéyxel 10 &Bpoloux tng k&Be opddag (x)

high performing stores = df.groupby('Katdotnua') .filter (lambda x:
x['TloAnceLc'] .sum() > 2000)

K. 4.1.17 MéSoboc filter

H evtoAn transform eival xpriowun otav B£Aoupe va SLaTnPRooUE To 0pXLKO oxrpa Tou DataFrame

OoAAQ va IPOCBECOUE pLa OTHAN HE OTATLOTIKA TNG OUAdagC.

Noapadelypa: O¢houpe vo SoUUE TL TOCOOTO TOU T{iPOU TOU KATOOTHUOTOG AVTLTPOOWIEVEL N KABE
nwAnon (K. 4.1.18).

# Ymoloy(loupe 10 &6poloua mwAncewnv TOY KATANTHMATOS oce x&Be ypoauun
store total = df.groupby('Katdotnua') ['lMwAnceLc'].transform('sum')

# AnpLoupyoUue VvEéa OTHAD
df['locootd Tlipou']l = (df['llwAfoeig'] / store total) * 100

# Topa RAémoupe yvia xk&6e nodAnon, ndCO ONUAVT LKA ATOV yIX TO KATACTNUO
print (df.sort values(by='Kat&otnuoa'))

K. 41.18 M£9oboc transform
Jnueiwon: To transform emotpédel plo otAAn He to 8l pAKoG Ue TO apXlkd DataFrame,

eTtpénovtag ansuBeiag npageLg.
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Mta evaAAoKTIKn, TiLo ¢LAKN Ttpog To PATL (spreadsheet-style) mpooéyyilon tng opadomnoinong eivat

ta Pivot Tables (K. 4.1.19).

# Anuioupyila mivoka pe ypappeg ta Katoaotipata, othAeg ta [Mpoidvta KAl T1IHEG TO
d0poiopa MwArnoewv
pivot = df.pivot table(values='llwAnoe.g',

index='Kat&otnuo',

columns="Ilpo(év',

aggfunc='sum',

fill value=0) # B&leL 0 émou dev un&pxel HmOANOD

K. 4.1.19 Anutoupyia Pivot Table

4.1.2.1 Case Study: AvdAuon Eniddoewy Qoitntwv

J€ OUTO TO OeVApPLlo, £XOUMPE Oebopéva amod Lo TIAVETILOTNHULOKA OXOAN. ITOXOC HO¢ €ival va
Xpnollomnotooupe Tty Neplypadiky ITATIOTIKA YL VO KATAVONOOUKE TNV amodooh Twv GoLtntwy,
TN CUVEMELA TOUG KOl TN OX£0N TWV WPWV UEAETNG LE TOV BaBUO TOuG. Oa KATOOKEUACOUUE €va

DataFrame pe 100 doutnteg (K. 4.1.20) to omolo mepthapPavet:

¢ DMUMo (Gender): Katnyopkr petafAntn.

e  TuApa (Major): CS (MAnpodopikn), Math (MaBnuatikd), Physics (Quoikn).
e  0Opeg Melétng (Study_Hours): Noootikn petaBAntn (wpeg/eBdoudda).

e TeAwog BaBuog (Grade): Noootikn petaBAntn (0-10).

import pandas as pd
import numpy as np

# PUBuLon seed via enmoavoaAnlylpdinIo
np.random.seed (42)

# Anuioupyla dedouévav

n = 100
data = {
'Student ID': range(l, n + 1),
'Gender': np.random.choice(['Male', 'Female'], n),

'Major': np.random.choice(['CS', 'Math', 'Physics'], n),
'Study Hours': np.random.randint(l, 30, n), # Qpeg peAétng amd 1 £wc

30

'Grade': np.round(np.random.normal (6.5, 1.5, n), 1) # KovovIKN KATOVOWUR
ne p=6.5, o=1.5
}

df = pd.DataFrame (data)

# ALopBwon PRabudv extdg oplwv (0-10)
df['Grade'] = df['Grade'].clip(0, 10)
K. 4.1.20 DataFrame pe 100 @ottnteg

Mpwv ontdcoupe ta Sedopéva o OUASEC, KOLTAUE TN "HEYAAN €IKOVA" YLA VOL EVTOTILOOUE KEVTPLKEC

taoelg kat mbova Aabn pe tnv evioAr describe tou Dataframe (print(df.describe()).

TLmopotnpoUue edw:
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1. Mean vs Median (50%): Av o Méoog Opog (mean) tou BaBpol eival TOAU kKovtd ot
Adpeco (50%), n katovoun eival mBavotata CUPUETPLKN. Av €xouv HeyaAn Sladopa,

€XOUHE Aogotnta.

2. Std (Tumkn AndkAon): Mag Seixvel mooo "amAwpévol” eivat ol Babuol. Mia peyaAn Turikn

QTOKALON onUAiveEL LEYAAEG aVIOOTNTEG OTNV amodoon.
3. Min/Max: EA€yxoupe av UTIapXoUV TTOPANOYEG TIHEC (r.x. BaOpog -1 15).

To o evlladépov epwtnUa oTo TAPASEYUA Hag elavi: «MMolo TUAMO €XEL TOUG KAAUTEPOUG
$OLTNTEC KL TIOLO TOUG TILO CUVETIELG;». Oa XPNOLUOTIOLOOUE TNV groupby padli pe tnv agg ya va
TIAPOULE TAUTOXpOVA TOV HECO Opo (emiboon) Kot TV TUTIKN amokAlon (ouvenela) (K. 4.1.21).
dept stats = df.groupby('Major')['Grade'].agg(['mean', 'median', 'std',
'count'])
print (dept stats)
K. 4.1.21 Xpnon groupby uali ue tnv agg

e Av 10 CS €xeL upnAotepo mean aAAG kal uPnAotepo std amod to Math, onuaivel 6t to CS

€XEL YEVIKA KOAUTEPOUG BaBpoUG, ald £XEL KAl LEYOAUTEPO XAOUA HETOED TWV APLOTOUXWV

Kall Twv adlvVopwy dolTtnTwv.

e To TUAMA PE TO XapnAotepo std eival to o "opoloyeveg" (oL doLTNTEG €XOUV TTAPOUOLES

erubO0oELC).

OL "Qpec MeAétng" eival ouvexng petafAntr. MNa va Bydhoups cupmépacpa, BoAsVeL va TIG

opadomnoliooupe o katnyopieg (Low, Medium, High). Autd Aéyetal Binning (K. 4.1.22).

# Anuiloupyla ratnyopldv peiétng

bins = [0, 10, 20, 30]

labels = ['Alyo (0-10)"', '"MértpLa (10-20)', 'MoAU (20-30) ']
df['Effort'] = pd.cut(df['Study Hours'], bins=bins, labels=labels)

# Opoadomoinon P&oel mpoondbe Lag

effort grade = df.groupby('Effort') ['Grade'].mean ()

print (effort grade)

K. 4.1.22 Binning

ESw mepiuévoupe (Aoyikd) vo SoUpe OTL 660 aUEAVETAL N KoTnyopia poomdBetag, avavetol Kat o

pEoog BaBudc. Auto emiBeBaLwWVEL TTOCOTIKA T OXECN OLTIOU-AMOTEAECUATOC.

Ag dtagoupe Twpa £vav mivaka (Pivot) ou Seiyvel tov péco BadOud ava Tunua (Ypoupég) Kat ava

@OuMo (otAAeg) (K. 4.1.23).
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pivot = df.pivot table(values='CGrade',
index="'Major',
columns='Gender',
aggfunc='mean')

print (pivot)

K. 4.1.23 Pivot Table

AUTOG O TIVOKOC HOC ETUTPEMEL VO KAVOUUE CUYKPLOELC TTOMATAWY EMUMESWY UE LA POTLA (TT.).

"Mwg Ta mave ol yuvaikeg oto Tunua Quaotkng oe ox€on Ue Toug avdpeg oto TuRua NMAnpodopikng;").

210 gpwtnua "Motot eival ot GpoLtnNTEG TTOU AMOKALVOUV CNUAVTIKE; ', Ba 0plOOUE WG AKPALEG TUULEG
(Outliers) Toug BaBpouc mAvw N KATW oo 2 TUTILKEG armokALoeLg amo tov péoo o6po (K. 4.1.24).

mean grade = df['Grade'].mean/()
std grade = df['Grade'].std()

# OpLo: Mean + 2 * Std
upper bound = mean grade + 2 * std grade

lower bound = mean grade - 2 * std grade

outliers = df[(df['CGrade'] > upper bound) | (df['Grade'] < lower bound)]

print (f"Opia: {lower bound:.2f} - {upper bound:.2f}")
print("®oLtntéc pe axpoatec entddoeic:\n", outliers[['Student ID', 'Major',
'Grade'l])

K. 4.1.24 Eupeon akpdiwy TIUWYV

4.1.3. H BiBAL0BNKnN statistics
Méxpl Twpa elbope WG VoL KAVOUUE OTATLOTIKY avdAuon pe to Pandas. Qotooo, n Python €pyetat

pe pa "mpotunn BLPAoBAkn" (Standard Library) mou mepthapBavel to module statistics.

Elval n Wbaviki Auon otav:

1. Aouleloupe pe armAég Aloteg SeSopEvwy Kal OxL e TtoAUTAoka DataFrames.

2. Aev Oéhoupe 1 Oev MMOpoOUME va eykataotriooupe Popléc PiPAloBnkeg oOmweg Tto
Pandas/NumpPy.

3. Xpelwalopaote vPnAn akpifela os dekadika Pnodia (n statistics Staxelpiletal kaAltepa Ta

odaApota otpoyyulomnoinong amnd ta floats).

Ag SoUpe wg umoAoyiloupe Tov PEao Opo, TNV SLAPECO Kal TNV empatovoa Tun (K. 4.1.25).

import statistics

# Eva oamAd oUvoro dedopéveav (AloTa)
data = [15, 18, 20, 20, 22, 25, 35]

# 1. Mécog Opog (Mean)

mean val = statistics.mean(data)
print (f"Mécoc Opoc¢: {mean val}")
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# 2. Aldpecoc (Median)
median val = statistics.median(data)
print(f"Alduecog: {median val}")

# 3. BunixpatoUooa Tiun (Mode)

# Ilpoocoxn: Av undpxouvVv HOAAECQ, €MLOTPEPEL TNV IPAOTN HOU OUVAVI& (o€
moALdéTepec €kdOOELQ)

# N metdel opdApa. ITLg véeg e€xdbdoelg (Python 3.8+) unmdpxel 1o multimode.
mode val = statistics.mode(data)

print (f"Enixpatoboa Tipn: {mode val}")

K. 4.1.25 Eupeon péoou 0pou, SIALECOU KAl EMIKPATOUOAC TIUNG

H BBAlobnkn kavel Stakplon petaty Seiypartog (Sample) kat mAnBuopol (Population). Auto eival
ONUOVTLKO yLaTi 0 HoBNUOTIKOC TUTTOG TNG TUTILKAG amokALong Stadépet ehadpwg, SnAadn datpolpe
ME Nn-1 oto Selypa Kal e N oTtov MANBUOUO, OTIOU N 0 APLOUOG TWV SELYPATWY. TNV TtEpLypadLK
OTATLOTIK ouvhBwG SouAsUoupe pe Selypota, Apa XPNOLUOTOLOUUE TIG EVIOAEG stdev yla TO
UTTOAOYLOUO TNG TUTILKA G AIOKALONG KalL variance yLa Tov UTTOAOYLOWO TNG Stakupavong (K. 4.1.26):

# 1. Tunmixkh AndxAlon Aelyupatog (Sample Standard Deviation)

st dev = statistics.stdev(data)
print (f"Tunmikf AmoxAion: {st dev:.2f}")

# 2. AtoxUupavon Aeiyupatog (Sample Variance)
variance = statistics.variance(data)

print (f"AloxUuovon: {variance:.2f}")

K. 4.1.26 YmoAoyiouog Tumikng ammokALong kot SLakUuovong

Jnueiwon: Av €xoupe dedopéva yla oAokAnpo tov mAnBuoud, xpnowdomoloUpe Tig pstdev() kat

pvariance().

Juxva pla katovopn sivat "dwkopudn" (bimodal), SnAadn £xet Vo aplBuou mou epdaviovral
g€ioou ouyva. H khaown mode() umopei va pmepdeutei. H multimode() Abvel auto to mpoBAnua

enotpedovrtag Alota (K. 4.1.27).

bimodal data = [1, 2, 2, 3, 4, 4, 5]

# Eoniotpépel Alota pe OAEQ TLQ €MLKPXATOUOCEC TLUECQ
modes = statistics.multimode (bimodal data)

print (f"Enixkpatotoec Tipég: {modes}") # o tunooel [2, 4]

K. 4.1.27 Xpnjon tn¢ mutimode
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MNeplypadikn Ztatiotikr: OmTkn MNpoogyylon
Av n Moootikn Mpooéyylon eivat n "Aoywkn" tng Xtatiotikng, n Omukn Mpoofyylon eival n
"SlaloBnon" tg. Zuxva, oL apBuntikol Seikteg (Méoog Opog, Turmikr) AmtokAlon) v apkouv yla va
nepLypaouv TNV TPAYUATIKN £lkOva. Eva KAOOIKO mapddslypa eival to Anscombe's Quartet:
Téooepa S10pOopPeTIKA cUVOAa Sedopévwy TIou €xouv akpLBwe tov (Slo péco 6po Kot Slakupavaon,

oAAa av ta oxeSlacoupe o ypadnua, epdavilouv evteAwg S1adopeTIKr cuumepLdopa.
H Ontikomoinon Asdopévwy (Data Visualization) pag emttpenet:
1. No avtiAndBoUpe TNV KATOVOUH KL TO OXNHO TwV SeS0UEVWV.
2. Na evtonicoupe Hotifa Kal CUGKETIOELG TTOU KpUBoVTaL OTOUC TIVAKEC.
3. Na avakaAUpoupe akpaieg TIHEC (outliers) kat opdaApata ota Sedopéva.
Y10 olkoouoTnua tng Python, éxoupe tpia Baoikd epyaleia, To kabéva pe SladopeTikd polo:

1. Matplotlib (matplotlib.pyplot). Eivat n "untépa" oAwv twv ypapikwv BiBAtoGnkwv otnv
Python.H B18A1o9rkn eivot eIPETIKA EVEALKTN KOl ETILTPETEL TOV EAEY)X0 KATE AeMTOUEPELAC
(pixel-perfect). Amtattei OUWC APKETEC YPUUUES KWOLKA LA VA YIVEL Eva ypa@nuUa OLOPEQO Kot

TTAPOUCLATILO.

2. Seaborn (seaborn). Eivat ytiouévn "mavw" otn Matplotlib, aAda oyediaouévn eibika yio
otatiotikn avaiuon. Mopayel maveéuoppa xpwuata, cuvepyaletol apoya Uue to Pandas,

SnuLoupyei TOAUTIAOKQ OTATIOTIKA YPOQPNUATO UE Uia EVTOAN.

3. Plotly (plotly.express). H 8t8AtoTnkn TN vVEag moxng mou mPooUETEL TN SLHSPAOTIKOTNT
(interactivity). Ta ypapnuata dev eival anAéc ewoveg. MmopoUue va kavouue Zoom, Pan,
kat Hover (va BAEmouue TiUEC mepvwvTag To movtikl). H ev Aoyw B16AoBrkn eival tbavikn
ylae Dashboards, napouoiaoeic oe o90vn kat eéepevvnon dedouévwy (Exploaratory Data

Analysis) yLa ToV EVTOTIOUO CUYKEKPLUEVWV EYYPAPWV.
Y10 KedaAoto auto Ba pdboupe va SNULOUPYOUE KOL VO EPULNVEVUOUE:

1. Tpappkd Alaypappata (Line Plots): Ma tnv anelkdvion TACEWV Kal LETAPOAWY 0TO XpOVo

(Time Series).

2. lotoypappata (Histograms): M'a tnv katavonon tng KATOVOUNG.
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3. Onkoypappata (Boxplots): Mo tn cUyKpLON KOTAVOUWY KaL TOV evtomiopo Outliers.

4. PaBédoypappata (Bar Plots): MNa tnv avaluon Katnyopkwv deSouévwy.

5. Awaypappata Aiaomopdg (Scatter Plots): o tn Stepevvnon oxéoswyv petafL dUo
METOBANTWV.

6. OgplKd AtoypAppota ZUCXETLONG: M TNV ONTIKOTIOlNoN MIVAKWY CUCXETLONG.

4.2.1. Ewoaywyn ota Epyaleio Omtikomoinong

Mpwv Eekvriooupe TNV avaluon SeSoUEVWY, TIPETEL VA TIPOETOLUACOUME To TEPIBAAAOV HaG. ITNV
Python 6ev undpyet "évag owotdg Tpomog” yo va ptiatelg Eva ypadnua. Ymdpyxouv tpia kiplo
epyaAeia, to kaBéva pe tn Ok tou Ppllocodia. Ie auth TtV evotnta B6a GOPTWOOUUE TIC
BLBAL0BNKeC KoL Ba Snuoupyrnooupe To 8o akplBw ypadnua Kol e TOUG TPEL TPOTIOUG YLa Vol
Katavornooupe TIG Stadopég. O kwdikag K. 4.2.1 sivol To £00YWYLIKO KOUMATL Kwdka Tou Ba

TPEXOUUE TTAVTA OTNV apXH KABE CNUELWHOTAPLOU YL TNV EV AOYW EVOTNTA.

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns

import plotly.express as px

# PUOuLon tou Seaborn via mio Spopopa (modern) ypoehuoata and TIPOEILAOVYI
sns.set theme(style="whitegrid")

# Anuiloupyla evég amAoU DataFrame via to nopade yuoto
# Agdouéva: MwANoelg €vOQ KATACTAUATOC yIx 5 nuépec
df = pd.DataFrame ({
'"Huépoa': ['Aevu', 'TpL', 'Tet', 'Ilen', 'TIop'l,
'IoAAceLc': [100, 150, 130, 200, 180]
}
K. 4.2.1 Elcaywyiko KOUUATL KWOIKA YLO TA YPAUULKA SLlaypauuaTo

Xpnoiporowwvtag tnv PPAodnkn matplotlib elvat n mo khaowr péBoSOG ylo KATOOKEUN
Slaypappdtwy. Mapatnprote otov KWdLka K.4.2.2, 6mou SnUOUPYOULE VO YPOHUKULKO SLAYPOpLLL,
OTL TIPETIEL VO OPLOOUE XELPOKIVNTA TOUG TITAOUG KL TLC ETLKETEG.

# 1. Anuioupylia tou Xxdpou (Figure)

plt.figure(figsize=(8, 4))

# 2. ¥xedloaon (Plotting)

plt.plot(df['Hpépa']l, df['lIwrnceic'], color='blue', marker='o',
linestyle='--")

# 3. Mopepomoinon (Formatting)
plt.title('HoAnoce g ERdon&dag (Matplotlib) ')
plt.xlabel ('Huépa')

plt.ylabel ('Eupd (€)")
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# 4. Euedvion
plt.show()

K. 4.2.2 Mpauuiko Awaypaupc pue matplotlib

NMwAfoelg EBGopddag (Matplotlib)
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E. 4.2.2 Mpauuiko Awaypouuc pue matplotlib

To Slaypoppa sival éva amho, otatiko ypadnua. Ot ypaupég eival Aemteg, To povio AsUKO Kal n
oloOntikn Bupilel kKAaowad emiotnuovikd Staypdppota. AvtiBeta pe tn BLPAL0ONAKN seaborn (K.
4.2.3) xpnowomnolol e to DataFrame ameuBeiag. O kwdikag eivat o "kabapaog" kol To anotéAsopa
TILO LOVTEPVO XWwpLg KOTTO.

# Aegv xpelLdletal va oplooupe figure size ov poc xroAUntel 1o default,

# oAA& pmopoUpe ov BEéAoupe:
plt.figure(figsize=(8, 4))

# H evtoAl lineplot x&vel Tn douleld&
sns.lineplot(data=df, x='Huépa', y='lloAnoeiLqg', marker='o', color='green',
linewidth=2.5)

plt.title('HoAnoceLc ERSoun&dac (Seaborn) ')

plt.show ()
K. 4.2.3 Mpauuiko Awaypaupa e seaborn

NwAroelc ERSouadac (Seaborn)
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E. 4.2.3 Mpauutko Awaypauua ue seaborn
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Twpa €xoupe éva mio "padvato” ypadpnua. Yrapxel mAéyua (grid) oto ¢povro mou Bonbael otnv

aVAYVWOoN TWV TILWVY, N YPOUUATOOELPA Elval TTLo KaBapr) Kol To XxpwHoTa To anaAd. Me to plotly n

Sladopd ouykpltika T SUO TPONYoUUEVG TPOOEYYIOELC eival peyain. O kwdwkag K. 4.2.4

Snuioupyel éva avtikeipevo fig mou eival éva Stadpaotikdé HTML widget.

# To Plotly Express (px) e€lval oOXedLXOUEVO YLIA €AAXLOTO KOO LKA

fig

= px.line (df,
x="Huépa',
y='lloAnoceLc',
title="lloANoe ¢ ERdou&dac (Plotly Interactive)',
markers=True) # Evepyomnoinon XKouxkk({dwv

# Tpoatlpetird: AAA&(oune TO OVOUX MOU QA{veTAL OTO HOVTI (KL
fig.update traces(hovertemplate='lloAnoeig: F{y}€")

fig.show ()

K. 4

2.4 Mpauuiko Awaypaupo ue plotly

NwAnoeic ERdouadac (Plotly Interactive)
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2.4 Mpauuiko Awaypauuo e plotly

To Sldypappa epdaviolakd polalel pe auvtd tou seaborn, aAAG:

1. Av MepAoeTe TO MOVTIKL MAVW ATO TG KOUKKISEG, epdaviletal £va koutdkl (Tooltip) pe tnv

OKPLPA TWA.

2. Ndvw 6e€1d epdaviletal pla pndpa epyadeiwv yla Zoom, Pan, Download image.
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4.2.2. AvaAluon Katavoung

H avaAuon katavoung eival To mpwTto MPAya TIou KAVOUHE otav Aappavoupe éva véo dataset. Mog

BonBadel va katoAdBoupe av ta Sedopéva pag ival CULPETPLKA (KOVOVLKA KOTAVOUR) 1 av €xouv

Ao€otnTa, KaBwC Kal va eVTOTICOU LE OKPALEG TLUEG.

To wrtoypappa (histogram) ywpilelt ta 6edopéva pag oe "kadoug" (bins) kal peTpldel TMOOEG

napatnpnoselg méptouv peoa otov kabéva. To KDE (Kernel Density Estimate) eival n Asia ypapun

miou Lwypadiletal mMavw amnod To LoTOYPOUpa Kol pag Seixvel tnv tdon/KaumnvAn tng Kotavopunc. Oa

Snuoupynooupe Vo Tuyaia cUvola Sedopévwv: Eval CUMMETPIKO (NALkieg evnAikwy) kal éva pe

Aofotnta (ULoBot, omou oL meploadtepol elval xapnAot kat Aiyot eivat tepaoctiol) (K. 4.2.5).

import numpy as np

import pandas as pd

import seaborn as sns

import matplotlib.pyplot as plt

sns.set theme(style="whitegrid")

# 1. AnplLoupyla Asdopévav
# Kovov ik ratoavoun (m.x. Yyoc 1 IQ)
normal data = np.random.normal (loc=100, scale=15, size=1000)

# Nofn xoatoavoupn (m.x. ELcddnua) - XpnolpomoloUue €KOETLKY KATAVOUDL
skewed data = np.random.exponential (scale=10, size=1000)

df = pd.DataFrame ({
'IQ Score': normal data,
'Income': skewed data

b

# 2. Anuiloupyla Iotoypduupatog (Seaborn)
plt.figure(figsize=(10, 5))

# bins: Idéooug "xr&doug" Ba éxel 1O VYPAONUX.
# kde=True: Eppavilel Tnv xounoUAn nukvoInIog.
sns.histplot (df['IQ Score'], bins=30, kde=True, color='skyblue')

plt.title('Iotdypapua Kavov kg Koatovoung (Suppetplxd) ')
plt.xlabel ('IQ Score')
plt.show ()

K. 4.2.5 lotoypaupca ue seaborn |
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lotoypappa Kavovikric Katavourg (ZuppeTpIKE)
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E. 4.2.5 lotoypauua e seaborn |

310 E. 4.2.5 BAémoupe to KAaOLKO oxnpa "kapmnavag” (Bell Curve). H kopudn tng kaumvAng (KDE) Ba
gival kovta oto 100 (uéoog 6pog) KoL oL OUPEC Bal GBAVOUV CUUUETPLKA €L KAl aploTepd. Twpa ag
Solpe tnv Ao&n Katavoun (Etoédnua) (K. 4.2.6):

plt.figure(figsize=(10, 5))
sns.histplot(df['Income'], bins=30, kde=True, color='salmon')

plt.title('Iotdypappa Noéng Katavourng (Right Skewed) ')
plt.xlabel ('ELcddnua (oe xLAL&deq) ")
plt.show()

K. 4.2.6 lotoypaupa ue seaborn Il

lotoypappa Aokrig Katavoprig (Right Skewed)
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E. 4.2.5 lotoypauuo ue seaborn Il

Onwc gudawvetal oto E. 4.2.6, n kopudn elval tépua aplotepd (xapnAd sioodnuata) Kol UTIAPXEL
MLl LOKPLA 0UPA TIOU €KTElveTAL TIPOC Ta Se€ld. Autd pog pwvalel otL "O péoog 6pog Sev eival

QVTLITPOCWIEUTIKOG edw!".
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To Onkoypappa (boxplot) sival n otk amelkovion Twv 5 AplBuwy mou Pabape oTnV TMOCOTIKN
npooéyylon (Min, Q1, Median, Q3, Max). Eival To amoAuto €pyaA€io yla TOV EVIOTILOUO OKPALWY

TLLWV.
Nwg SdtaBaletal éva Bnkoypappa:

1. To Kouti (Box): Meptéxel to peoaio 50% twv dedopévwy (amo Q1 £éwg Q3). To UYPog Tou elvat

to IQR.
2. HTpoppun otn péon: Eival n Alapeoocg (0xL o péocog 6pog!).
3. Ta "Mouotakia" (Whiskers): Exkteivovtal péxpt Tig TiHeC mou Sev ivat outliers.

4. OLTeleieg (Points): KaBe teleia €€w anod ta pouvotakia sival Akpaia Twur) (Outlier).

# Ac mpooBéooupe peplkd axkpala outliers ota dedouéva tou IQ yia va @eavouv
df box = df.copy()

df box.loc[998] = 180 # Mia L1dLopuia (Outlier yni&)

df box.loc[999] 40 # Mia moAU yopndAn tTiun (Outlier yxounid)

plt.figure(figsize=(8, 6))

# Anploupylo Boxplot
sns.boxplot (y=df box['IQ Score'], color='lightgreen')

plt.title('Onxkdypappa (Boxplot) IQ Scores')

plt.show ()
K. 4.2.6 Gnkoypauua e seaborn |
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Onkoypappa (Boxplot) 1Q Scores
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E. 4.2.6 Onkoypauuca Le seaborn |

310 E. 4.2.6 BAémoupe €va MpAclvo opBoywvio ot PECN, OTWG EMIONG KOl KAATTOLEG OPL{OVTLEC
VP UEG (whiskers) mavw kot KATw. Ot HEHOVWHEVEG TEALTOEG MAvVw amod to 140-150 kal K&tw amnod 1o
60, cupBoAilouv TIG aKpaleG TIMEC TTOU EVTOTILOE auTtopata to seaborn. H mpaypatikn afia tou

Bnkoypdppatog paivetal 6Tav cuyKpivoupe TOAAEG opddec StmAa-SimAa (K. 4.2.7).

# Anuioupyla dedopévav: Babpol pabnidv ce 3 dLo@OpPeT LKA TPUHPATA
class_data = pd.DataFrame ({
"TuApa': ['A']*50 + ['B']*50 + ['C']*50,
'BaBuoc': np.concatenate ([
np.random.normal (15, 2, 50), # TuAua A: Koarol Babuol
np.random.normal (12, 4, 50), # Tuhuo B: MeydAn aoctdbela (peyddo
std)
np.random.normal (18, 1, 50) # Tunuo C: AplLotouxol (puLxkpd std)
1)
}

plt.figure(figsize=(10, 6))

# x = H xatnyopla (TuAua), y = H moooT (kKA petoaBAnth (Babudcg)
sns.boxplot (data=class_data, x='Tunua', y='Babuoc', palette="Set2")

plt.title('30ykplon Eni{doong avd& Tunuo')
plt.show ()

K. 4.2.7 Onkoypauua ue seaborn Il
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Zuykplon Entdoong ava TuAua
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E. 4.2.7 Onkoypaupa ue seaborn Il

Y10 E. 4.2.7 BAémoupe OtL yia to TuApa C to Kouti sival moAy "otevd" (Uikpo IQR) katl PnAd. Auto
onpaivel otaBepd kaAoi Babpol. Touvavtiov, oto TUAUA B, TO KOUTL KAl TA LOUCTAKLA £(vOl KATA
TOAU HeyaAUTEPQA., TIPAYHA TO OTOLOV CUVETAYETAL OTL TO €V AOYW TUAUA €XEL KAL APLOTOUC Kal TTOAU

aduvapoug poltntég (Leyain Slaomopd).

4.2.3. Avahuon EEEAENG (Time Series Analysis)
H avaiuon xpovooelpwv adopd Sedopéva Tou €Xouv XPovik oelpd (rX. Twég Metoxwy,
Oepuokpaocia ava wpa, NWANCELG avd pAva). Ze avtiBeon e TG AmAEG KATAVOUES, €6W N OELPA TWV

Sebopévwy éxeL kplown onuaoia. Zta ypapnpata e§EALENG PAxvou e KUPLWG TPla pdypoTa:
1. Taon (Trend): MakpompoBeoun dvodog ) mtwon.

2. Emoxwotnta (Seasonality): MotiBa mou emavaAopfdavovtal o ToKtd Staotipota (m.x. Kae

Kohokaipt).
3. O0o6puPo (Noise): Tuxaleg auéopelWOELC.

Mo vo SouAéPoups cwoTa Pe XPOVOOELPEG otnV Python, mpémel n otAAn tN¢ nUeEpounviag va sivatl
turou datetime kot OxtL amAo keipevo (string). Ma auth tnv evotntaba XPNOLUOTOLCOUUE TO

DataFrame onw¢ amotunwvetot otov K. 4.2.8.
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import pandas as pd

import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt
import plotly.express as px

# Anutioupylia dedopévev via 2 xpedvia (730 nuépecg)
dates = pd.date range(start='2022-01-01", periods=730, freg='D")

# AnuploupyoUue pla "petoxn" mou ovefalvel oAAd pe oXopmoveRdouaTo
values = np.linspace (10, 50, 730) + np.random.normal (0, 5, 730)

df time = pd.DataFrame ({
'Date': dates,
'Price': values

b

print(df time.head())
# H otAAn Date eival tUnou datetime64[ns]

K. 4.2.8 DataFrame yia ta ypapnuota E€AENG

To seaborn eival 18aviko ylo va Seifoupe tn yevikn taon os pa avadopd (report). Emiong otav
£xoupe TIOAAEG nuepopnvieg, ta ypappata otov aftova X "kaBoAdsel" To €va TtOo dAMAo.

Xpnolpomnolouue to plt.xticks(rotation=45) yia va ta yupiooupe mAaytaota (K. 4.2.9).

plt.figure(figsize=(12, 6))

# Lineplot
sns.lineplot (data=df time, x='Date', y='Price', color='royalblue',
linewidth=1.5)

plt.title('EEeALEn Tiung (2022-2023) - Seaborn')
plt.xlabel ('Hpepounvia')
plt.ylabel ('Tiun')

# Meplotpoen NuepounvLOV yia va dlap&lovial
plt.xticks (rotation=45)

plt.show()
K. 4.2.9 lpapnua eé€Aiénc ue seaborn
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EEEMEN Twprg (2022-2023) - Seaborn
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E. 4.2.9 Mpapnuo eE€Aiénc ue seaborn

210 E. 4.2.9 napatnpoUpe pia ocuvexn UAE ypaupn mou Selxvel Tnv avodikn nopeia. Qotoco, eivat
Suokolo va doupe TL akplPwg €yve T.X. oTIG 15 Maptiou Tou 2022. Ie QUTEG TLG TIEPLUTTWOELG TO
plotly eival povodpopoc. Oa mpooBécoupe Kat Eva range slider (unmdpa kUALONG) O0TO KATW MEPOG,

TIOU ETUTPETIEL OTOV XPNOTN VA EMAEEEL TTOLO KOUUATL TOU XpOvou B€AeL va et (K. 4.2.10).

fig = px.line(df time,
x='"'Date',
y='Price',
title="EEEALEN Tiung pe Zoom (Plotly) ')

# TlpooBnkn Range Slider (H undpa x&tw and 10 ypdenud)
fig.update xaxes(rangeslider visible=True)

# HpoatlpeTtk&: IIpooBAKN KoOUuumLOV yla yphyopo zoom (1 unvoag, 6 pnveg, OAx)
fig.update xaxes(
rangeselector=dict (
buttons=list ([
dict(count=1, label="1m", step="month", stepmode="backward"),
dict(count=6, label="6m", step="month", stepmode="backward"),
dict(count=1, label="YTD", step="vyear", stepmode="todate"),
dict(step="all")
1)

)

fig.show ()
K. 4.2.10 Mpanua eé€diénc ue plotly
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EEENEN Tiung pe Zoom (Plotly)
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E. 4.2.10 lpapnua e€€Aiénc ue plotly

Me to plotly, o xpriotng umopei va cUpeL To MOVTiKL Kal va KAvel zoom o€ pia eBSopdada. Emiong
KOTw amd 1o ypddnua UmApxeL o pikpoypadio. Zépvovtag tig AaBég, alAdlel To XPOVLKO
napabupo. Mo GAAn xprAotn Asttoupyia €wval autr TIoU TPOodEPETAL OO TA KOUUTMAKLY OTO
EMAVW TUN Ha Tou ypadnuatoc. ESw Matwvrag my. to "1m", to ypadnua eotidlel autopATA OTOV

televtaio pnva.

4.2.4. Avaluon zuoxetiong (Correlation Analysis)

H cuoyétion elvat n oxéon petagt 6U0 mMoooTkwy petaBAntwv. Exoupue tpla £(6n cuoxeticewv:

1. Oetkn Zuoxéton: Otav avePaivel To éva, aveBaivel kat To Ao (m.x. Qpeg¢ MeAétng ->

Babuog).

2. Apvntikn Zuoyxétion: Otav aveBaivel To éva, To dMo médtel (m.x. Bdpog Autokivrtou ->

Owovoulia Kavoipou).
3. MnéevikA ZuoyxEtion: Asv untapyxel epdaveg potipo.

To Suaypappa Stacropdg (Scatter Plot) sival £va védog onpeiwv. Kabe tedeia aviumpoowrnevet pia
gyypadn (m.x. évav dottnth). Mapadslypa cuoxetiong sivol ot Qpeg MeAétng (Study Hours) vs
Babuog (Grade), omou Oa mpocOfécoupe kot plo tpitn Sidotaon (katnyoptkn), to DUAo,

xpnotpomnotwvtag Stadopetiko xpwua (K. 4.2.11).
import pandas as pd
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import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt
import plotly.express as px

# Anuioupyla Aedopévov
np.random.seed (42)

n = 100

df scatter = pd.DataFrame ({
'Study Hours': np.random.randint(l, 20, n),
'Gender': np.random.choice(['Male', 'Female'], n)

}

# O RoaBudc eéaptdtal and TLQ Odpeg peAétng + Alyo 86pupo

df scatter['Grade']l] = 2 + 0.4 * df scatter['Study Hours'] +
np.random.normal (O, 1, n)

# 1. Statitkd Scatter Plot pe Seaborn
plt.figure(figsize=(8, 6))

# hue='Gender': Xpopatilel tLg TeAeleg avhroya pe 1o OUAO

# s=100: Méveboc TeAelag

sns.scatterplot (data=df scatter, x='Study Hours', y='Grade', hue='Gender',
s=80, alpha=0.7)

plt.title('Zxéon MeAétng - BoabBuoU (Seaborn) ')

plt.show ()
K. 4.2.11 Awtaypauuo Ateomopdc ue seaborn

Ixéaon MeAétng - BaBuol (Seaborn)
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E. 4.2.11 Awaypouua Staomopdc Ue seaborn
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H mapdpetpog hue eivol mavioxupn. Mog smwtpémnet va SoUpe av pla opdda (m.x. Male/Female)
opabOoTOLElTOL OE OUYKEKPLUEVN TEPLOX TOou ypadnuatog. H mapdpetpog alpha kabBopilel tn
Stadavela (alpha=0.7) kat BonBael otnv evapyeLa TOU SLaypAPUATOC OToV TTIOAAEC TeAeieg MEdTouY

N Kia mavw otnv GAAn.

Ita Ataypappata Alacmopdg, to plotly sival e€alpetikd yloti cuxva Béloupe va paboupe "Mola
elval avutn n teheia mou E€duys;". Ito plotly, mepvwvtag To mMovTikL mavw anod pa "akpaia" teAeia,

BA£mEeTE AKPLBWC TIC TLHEG TNC, KATL TIOU €lval adUVATOV G€ KATOLO OTATIKO ypadbnua (K. 4.2.12).

# 2. Aladpaoctikd Scatter Plot pe Plotly
fig = px.scatter(df scatter,
x='Study Hours',
y='Grade',
color='Gender',
title="'3xéon MeAétng - BoabuoU (Hover via AsmtouépeLeg) ',
hover data=['Study Hours',6 'Grade'l])
# TL Ba delxvel 1O KOUTAKL

fig.show()
K. 4.2.12 Awaypauua Stacropac e plotly
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E. 4.2.12 Ataypauua Staomopdc ue plotly

Otav £xoupe TOAAEC TOOOTIKEG UETAPANTEG, eival SUokoAo va Snuloupynooupe Slaypaupota
Slaomopdg yla kaBe mBavo leuyapl. ESw akplpwg unetoépxetal o Mivakag Zuoxétiong (Correlation

Matrix), o onoiog urmtoAoyilel tov cuvteleotr Pearson r yla 0Aa ta {euyapla, Omou:
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e r=1:TéAewa Otk ZUOXETLON.

e r=-1:TéAewa ApvnTikn ZucxETion.

e r=0: Kapia ouoxetion.

To OgpikO ALQypappO ZUCXETIONG XPWHATI(EL QUTOV TOV TIVOKO ylol VO EVTOTICOUWE OTITLKA

€vtoveg oxéoelg (K. 4.2.13).

# Anuioupyla evoéc DataFrame pe NOAAXTIAEG PETARANTEC
data multi = pd.DataFrame ({
'"Age': np.random.randint (20, 60, 50),
'"Tncome': np.random.randint (20000, 80000, 50),
'Spending Score': np.random.randint(l, 100, 50),
'Savings': np.random.randint (1000, 20000, 50)
}

# Ymoloyloudcg IDivaxra Zuox€TLong
corr matrix = data multi.corr()

plt.figure(figsize=(8, 6))

# Anuioupyla Heatmap

# annot=True: Eppavilel Ta voUpepa HECK OTA KOUTAKLX

# cmap='coolwarm': MnAe ylx apvnT LKA, KOKKLVO yla OeT LK) OUCXETLON

# fmt=".2f": Ztpoyyulonoinon oce 2 dekud LKA

sns.heatmap (corr matrix, annot=True, cmap='coolwarm',6 fmt=".2f", vmin=-1,
vmax=1)

plt.title('Iivakag Juoxétiong (Correlation Matrix) ')
plt.show ()

K. 4.2.13 Anutoupyia GepuikoU SLaypaupatos CUCYETIONG UE seaborn
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Nivakag Zvoyétiong (Correlation Matrix)

1.00
g 075
- 0.50
@
g - 0.25
w]
i
- 0.00
o
[=]
L=}
ml
= --0.25
£
=
o
&
- —0.50
w
=
s =0.75
m
['y]
| i | -1.00

Age Income Spending_Score Savings

E. 4.2.13 Anutovpyia Beplikot Staypauato¢ oUCXETIONG LE seaborn

To Bepuikd dlaypappa cuaxetiong oto E. 4.2.13 amokaAUTITEL KUPLWG 0.oBeveic oxEoelg peTall Twy
petapAnTwy tou delypartoc. H o afloonueiwtn Betikr cuoxEtion evromiletal avapeoa otnv HAwkia
(Age) kal To Spending_Score (r=0.32), umoSnAwvovtag po ehadpld Tacn Omou ot HeyoAUTEPOL OF
nAkia €xouv uPnAdtepo okop €€6Owv. AvtiBeta, n Mo €vtovn QpVNTIKH CUCXETLON endaviletal
MeTaty tou Elocodnuatog (Income) kal twv Amotapeloswv (Savings) (r=-0.25), mou onuaivel oTL
KoBW¢ auEAveTal To ELCOSNUO, OL ATIOTALLEVOELG TEIVOUV VA PELWVOVTAL EAADPWG OTO CUYKEKPLUEVO
Selypa. O umdhowneg ouoyetioelg (6mwg Savings vs Spending Score oto 0.07) kupaivovtal oAU
KOVTA oTo Un&ev, Seixvovtag OTL 6ev UTIAPXEL OUCLOOTIKY YPOUULKI) OXEON HETALY QUTWV TWV

leuywv.

4.2.5. Zuykplon Katnyoplwv (Categorical Comparison)
Ze auTh TNV evoTnta acyxoloupaote pe Sedopéva mou xwpilovral oe opddeg (.. ®Ulo, MoAn,

Tunua, Huépa tng ERSopadac). Exoupe U0 Baoikd 16N epwTNUATWY:
1. Noool gival; (Zuxvotnta - Count Plot)

2. Motog eival o Méoog Opog touc; (ZUykplon MeyeBbwv - Bar Plot)
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To paBdoypappa sivol To avtiotoo tou lotoypdppatog, aAl\d yia Katnyopieg. Metpdet amlwg

ndoeg eyypadEg undpxouv os kABe katnyopia. Eva mopAddelypo mOU €VTOOOETAL OE QUTH TNV

Kotnyopia éwal ot poTIpHAoslg ehatwy. Ag urtoBscoupe dtL pwtroaps 100 dtopa Tmolo sival to

oyamnnueévo toug ppouto (K. 4.2.14).

import pandas as pd
import seaborn as sns
import matplotlib.pyplot as plt

# PUOuLon otuA
sns.set theme(style="whitegrid")

# Anuioupyla Aedopévov

data cat = pd.DataFrame ({
'®poUT0': ['MAAO']*¥30 + ['Momovava'l*45 + ['lloptoxdAl']l*25,
'oGA0': ['Avdpacg', 'Tuvalxkra']l * 50

})

plt.figure(figsize=(8, 5))

# countplot: Metpdel QUIOUATA TLG EVYPUAPEQ
sns.countplot (data=data cat, x='®poUto', palette='viridis')

plt.title('IIARGocg MpoTlufoenyv avd ®poUto')
plt.ylabel ('ApLOudg Atduwnv')

plt.show ()

K. 4.2.14 Anutoupyia paBdoypauuarog ue seaborn
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E. 4.2.14 Anuioupyia paBdoypauuatoc ue seaborn
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1o I. 4.2.14 BAénoupe auéowg OtL n "Mmavava" eivalt n Snuodhéotepn emiloyn (PnAdtepn
umapa). ¥to enopevo mapadewyua (K. 4.2.15) pe tic nwAnoslg ta mpayuata arllalouvv. ESw bev
UETPAUE amAd "moool eival”, aAAd umoloyiloupe €vav otatiotikd Seiktn (ouvnBwe Ttov HEco 6po)

MLOG TTOOOTLKN G LETOBANTNG yLa KAOe Katnyopla.

To sns.barplot Tou seaborn umoloyilel autopata tov HECo Opo Kal oxedLAlel pia palpn ypapun
oTnV Kopudr KABe unapag. AutA n ypauun ivat to Stdotnua eumnictoouvng (Confidence Interval -
95%). EGv n &v AOyw ypapun eival oXeTika Uikpn, Tote elpaote olyoupol yla tov péco opo. Mia

UEYAAN ypopur urtodnAwvel peyaAn aBeBaitdtnta n Alya Sedopéva.

# Anuioupyla Aedopévav: Mool avd Tunuo
import pandas as pd

import seaborn as sns

import matplotlib.pyplot as plt

import numpy as np

dept data = pd.DataFrame ({
'"TuAuo' @ ['ToAnocetc']1*20 + ['IT']1*20 + ['HR']*20,
# Ol HwAnoelc éxouv peydAn oLlaxltpoavon (xk&motlol nmoaipvouv moAAd, KATOLOL
Alyo)
# To IT éxel pey&dAoug pLobolg aAA& oTabepoUq
'MLoB6c¢': np.concatenate ([
np.random.normal (1000, 300, 20), # HNwAnoeLc
np.random.normal (1500, 100, 20), # IT
np.random.normal (900, 50, 20) # HR
1)
}

plt.figure(figsize=(8, 5))

# barplot: YmoloyilelL Tov Méco Opo (estimator=mean oamd default)
sns.barplot (data=dept data, x='Tunuoa', y='ML066¢', palette='magma')

plt.title('Mécogc MLoB6c avd Tunuo (pe Altdotnuo Eumiotootvng) ')

plt.show()
K. 4.2.15 Anuioupyia paBdoypduuatoc LEcouo 0pou LUE SLATTNUA ETTUTTLOTOOUVNC LE seaborn
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E. 4.2.15 Anutoupyia paBdoypauuatoc UETOU OPOU UE SLAOTNUA ETTUITLOTOOUVNG UE seaborn

3to E. 4.2.15 BAénoupe OtL N H pmapa tou IT sivat n mo PnAn (peyoAltepog pEcog Hwobog). H
pavpn ypauun otig NMwAnoelg eival mubavotata mo peyaAn amd tou HR, desixvovtag OtL ekel ol
pLoBol Stadépouv MOAU petafl Twv UTOAANAWY. Onwe Kal ota Slaypappota SLaomopas, LNoPOUKE
va pooB£ocoupe pla Tpitn Sldotoon xpnotponowwvtog to hue. Auto Ba dnpoupynoet {euyapla amno
umnapec (K. 4.2.16).

# Ac doUue tTOUC PLoB0oUC avd TUAPX, OAAX XWELOWEVOUC KL avd @eUAo (tuxoala

dedopéva)
dept data['®GAo']l = np.random.choice(['Avdpac', 'T'uvaixa']l, 60)

plt.figure(figsize=(10, 6))

sns.barplot (data=dept data, x='Tunuo', y='MLo66¢', hue='dUAo',
palette="muted")

plt.title('Mécog MLo66g avd Tunuo kol dUA0')

plt.show ()
K. 4.2.16 Anutoupyia cuvdetou paBdoypauuarog ue seaborn
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E. 4.2.16 Anutoupyia cuvdetou paBdoypduuatog e seaborn

4.2.6. 2UvBeteg Amelkovioelg kal Ymoypadnpata
MéxpL Twpa Snuloupyoloape Eva ypadnua tn ¢opd. ITNV MPAYHATIKY avAAluon, OpwWE, n Suvapn
Bploketal otn ouykplon. Ymdapyxouv SU0 TPOMOL VO TO METUXOUME aUTO: n emikoAun Kot ta

umnoypadnpata.

H erukdAun xpnowomnoleital 6tav BéAoupe va cuykpivoupe dpeoa SUo PeyEOn ou €xouv tTnv dLa
KAlpaka (m.x. ouykplon Vo katavopwyv 1 Vo peToxwv). To HUoTIkd edw sival n mapduetpog alpha
(ladavela), wote va PBAEMoupe TL KpUPeTOLl amd Mmiow. ITo mopokdtw mapadsypa (K. 4.2.17)
ouyKkpivoupe SU0 KOTAVOUEC HE LOTOYPALLOTO.

import matplotlib.pyplot as plt

import seaborn as sns

import numpy as np
import pandas as pd

sns.set theme(style="whitegrid")

# Anuploupyla dedouévav: AUo ouddec pe diLapopetlkd péco 6po
data a = np.random.normal (loc=50, scale=10, size=500) # Oup&doa A
data b = np.random.normal (loc=65, scale=15, size=500) # Ou&do B

plt.figure(figsize=(10, 6))

# Ixedi&loupe 1O HTPATO

sns.histplot(data a, color="skyblue", label="Ou&da A", kde=True, alpha=0.5)
# IxedL&loupe 1O deUTepo ZTO IAIO "figure"

sns.histplot(data b, color="orange", label="Ou&dx B", kde=True, alpha=0.5)

plt.title("Apeon ZUyxplon AUo Koatovoudv (Overlay)")

plt.legend() # Epedvion vnopvhpotog (amoapaltnto yia voa Eépoupne molo €lval
IO LO)
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plt.show ()
K. 4.2.17 Zuykpton SU0 KATAVOUWY UE LOTOYPAUUATY TOU seaborn
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E. 4.2.17 S0ykpton SU0 KATAVOUWYV LE LOTOYPAUUATA TOU seaborn

BAémoupe apéowg mou "tépvovtal" ol Vo opddeg Kal TOco SladEpouv oL KopudEC Toug. Av Ta
Balape oe fexwplota ypadnpata, n olykplon Ba nrav SuokoAn. Otav OéAoupe va Seioupe
Sladopetikd mpdaypato SimAa-6imAa (.. éva Bnkoypappa Kot €va Sidypappa Sloomopdg),
XpnoluomoloUpe T Aettoupyia plt.subplots(). H Asttoupyia autr &nuoupyet éva "mAgyua" (grid)

oo afoveg (axes) (K. 4.2.18).

# Anuioupyla "toaponAd" pe 1 ypouun kol 2 otndeg (1x2)

# fig: To ocuvoALkd "yopt("

# axes: Mia Alota mou mepléxel To emluépoug ypoehuota (axes[0], axes[1l])
fig, axes = plt.subplots(l, 2, figsize=(15, 6))

# Agdouéva (tuxalia)
df = pd.DataFrame({'Val': np.random.normal (10, 2, 100), 'Cat':
np.random.choice(['A"'", 'B'], 100)})

# T'pdonua 1 (ApiLotepd) - To tomoBetoUpe oto ax=axes|[0]
sns.boxplot (data=df, x='Cat', y='Val', ax=axes[0], palette="Set2")
axes[0] .set title("I'p&enua 1: Boxplot")

# Tpdonuo 2 (Ae&Ld) — To tomoBetoUpue oTo ax=axes|[l]
sns.histplot(data=df, x='Val', ax=axes[l], color='purple', kde=True)
axes[1l].set title("I'p&enua 2: Iotdypopua’)

plt.tight layout() # Moylkn eVIOAN: ®TL&XVEL QUIOPATA T KeEVA OOTE VO PNV
méptel TO éva mAVW OTO &GAANO
plt.show ()

K. 4.2.18 Anutoupyia vrtoypanuUatwy Le seaborn
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I'pdgnua 1: Boxplot Ipa@nua 2: 10TOYPauua
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E. 4.2.18 Anuioupyio unoypa@nuatTwy Ue seaborn

Enionc to seaborn €xel pia moAU Sduvatn Asttuyikotnta mou Aéyetal faceting. Avti va dtidyvoupe
epeic Ta umoypadnpata pe to XépL, tou Afpe: "Oudle pou éva ypadnua ya kdbe koatnyopia.
XpnotpomotoU e TiG evioAEg relplot (yia scatter/line) fj catplot (yia bar/box) pe tnv napduetpo col
(otAAN) N row (ypappun). Zto mapokdtw napadetypa (K. 4.2.19) éxoupe SeSopéva yla AoyopLoopoug
O€ €0TLATOPLO. OAoupe va doUpe tn oxéon AoyaplacpoU-Ouodwpnpatog, aAAd XwpLlotd yla
Karmviotég kat Mn KamvioTég.

# ®6ptwon étolpou dataset tou Seaborn
tips = sns.load dataset("tips")

# col="smoker": Oa @TL&fel auIidpaTta 2 ypoapnuota dimio-dimiAa (éva yia Yes,
éva yLa No)
sns.relplot(

data=tips,
x="total bill",
y="tip" ’

hue="sex",
col="smoker",
kind="scatter",
height=5,
aspect=1

Xphua avaAoya pe To OUAO
EEXQPIZTO ypdenua oavAAoyo HPe TO KAV LOPX

+

)

plt.show()
K. 4.2.19 Anutoupyia urtoypapnudtwy Le To faceting tou seaborn
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smoker = Yes smoker = No
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E. 4.2.19 Anutoupyia unoypapnudtwy Ue To faceting Tou seaborn

Kat to Plotly umootnpilel faceting pe ehdyloto komo, xpnotomnotwvtag to facet_col (K. 4.2.20).
import plotly.express as px

# ToLo mopddelypa pe nplyv (KanvioTég vs Mn KomvioTécg)
fig = px.scatter(tips,
x="total bill",
S
color="sex",
facet col="smoker", # H poyLlxn e€vIoAl via subplots
title="3Sxéon NoyoploacuoU-dLAodwphuatog (Facet Plot)")

fig.show ()
K. 4.2.20 Anutoupyia urtoypapnuatwy Ue to faceting tou plotly

Zyean Aoyapiacpou-diAodwprpaTtog (Facet Plot)

smoker=No smoker=Yes
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. ] s ® [
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total_bill total_bill

E. 4.2.20 Anutoupyia unoypagpnuatwy ue to faceting tou plotly
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4.3. Edapuoouévo Project: Avaluon Kepbodopiag Kataotruatog
MéxpL OTLYUNG e€eTACOUE TA EpYQAEia LOC LEUOVWUEVA. TE QUTH TNV evotnTa, Ba Tol cUVBEcOUUE
OAa pall oe éva peallotikd oevaplo avaluong Sedopévwy. IKOMOC pag Oev gival amiwg va

vpayoupue kwdika, ahda va apnynbolue pia wotopia pe ta Sedopéva (Data Storytelling).

To Zevaplo: Epyaleote wg avaAutng dedouévwy oe pla peyain aluoida Atavikng. O OLKOVOULKOG
AlevBuvtig odg mapadidel ta deSopéva MWARCEWY TOU TEAEUTALOU €TOUG Kol BETeL Eva amAd al\d
Kpiowo epwtnua: "Exyouue unAo tlipo, aAda ta kEpdn poacg Sev eival o avauevoueva. MNov xavouue

Xpripata;”

4.3.1. Anuoupyla kal Emiokomnnon AeSopévwy

Ag €EKLVNOOUHE SNULOUPYWVTAG €va GUVOAO S£S0UEVWV TIOU TTPOCOUOLWVEL TNV TipaypatikotnTa (K.
4.3.1). Exoupe kataypad£C yla TPELG Katnyopieg mpoidovtwv: Texvoloyia (Tech), EmutAa (Furniture)
kot Eidn lpadeiov (Office Supplies). KaBe eyypadn mepthapfavel tnv Hpepopnvia, to moco
MNwAnaong (Sales) kat to Képdog (Profit).

import pandas as pd

import numpy as np

import seaborn as sns
import matplotlib.pyplot as plt

# PubBuloeLq
np.random.seed (42)

sns.set theme(style="whitegrid")

# Anuioupyio 500 eyypa@dv

n = 500

categories = np.random.choice(['Tech', 'Furniture', 'Office'], n)

sales = np.random.exponential (scale=200, size=n) + 50 # HoAnocelLg pe O6eTLKY
AogodTnTa

dates = pd.date range(start='2023-01-01"', periods=n)

# Anuioupyla Képdoug:
# H Texvodoyia éxel ulnid xépdog, To Emimia &xouv aotdbela (ouxva (nuLécg)
profit = []
for i in range(n):
base margin = 0.2 if categories[i] == 'Tech' else (0.05 if
categories[i] == 'Furniture' else 0.15)
noise = np.random.normal (0, 40) # Tuxaloc mapdyoviag
profit.append(sales[i] * base margin + noise)

df = pd.DataFrame({'Date': dates, 'Category': categories, 'Sales': sales,
'Profit': profit})

# Mia mpdTn paT L& OTH OTAT LOT LKA

print (df.describe())
K. 4.3.1 Anutouvpyia ouvodou dedouévwv
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Kottalovtag tnv evtoAn describe(), mapatnpolue apuéowg tnv mpwtn £vOelén. H péon TN tTwv
MNwAnocewv gival atobnta peyalutepn amo tn Siapeco (50%). Auto otnv meplypadlk OTATIOTIKA
umodnAwvel Betiky Aofotnta. MpPaktikd, onuaivel OTL Ol TMEPLOCOTEPEG TMWANCELS MOG €lval
ULlkpomood, aAAG urtdpxouv Alyeg, TOAU peydAeg mapayyeAieg Tou TpaBouv Tov HECO OPO TPOG Ta
navw. Av Bacllopaotav HOVo 0ToV LEGO OPO yla va Kavouue ipoPAEYeLg, Ba slyope umepeKTIUROEL

Ta £€0060a Tou "TuTikoU" TEAATN.

4.3.2. HNayida twv NMwAnocewv (Univariate Analysis)

MNna va empeBawwoovpe tnv umoPia pag ywa tn AofOTNTA, OMTLKOMOLOUUE TNV KATAVOUN Twv
NwAnoewv (K. 4.3.2). Avti va koltape amAwg voluepa, éva lotoypappa Ba pog Seifel To oxNua Twv
£006wv pag.

plt.figure(figsize=(10, 5))

sns.histplot(df['Sales'], kde=True, color='teal', bins=30)
plt.title('Katavour HoAfcewv: Entfefoalwon OetLxrkhgc Nofdtntag')

plt.xlabel ('lIocd IIOAnong (€) ")

plt.show()
K. 4.3.2 Anutoupyia 1OTOYPAUUATOC TWANCEWVY

Katavour NwArfoewv: EmPeBaiwon OeTikrg AokoTtnTag
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Moaé NwAnong (€)

E. 4.3.2 Anutoupyio LOTOYPAUUXTOC TWANCEWY

To ypadnua emPefatwvel tTnv avaluon pag. BAémoupe pia Eekdabapn "oupd" mpog ta 6e€ld. H
TIAELOVOTNTA TWV CUVAANQYWY CUYKEVIPWVETAL XOUNAA (KATw amo 200€), evw oL LEYAAECG TIWANCELG
avw Twv 600€ eival omavieg. Auto eival pa kpiotpn minpodopia yla to Tuipa Marketing: to mpodia

TOU TEAQTN Hag elvat 0 "HIKPOG ayopaoTnG"” Kal OXL 0 LeyAAOC EMEVOUTAC.
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4.3.3. Availntwvtag tn Znuia (Bivariate Analysis)

‘HpBe n wpa va amoavtriooupe oTto gpwTnpa tou AteuBuvtn, Nati ta képdn eival yaundda, Oa
ouykpivoupe tnv kepdodopia ava Katnyopia ypnoipomowwvrag éva Bnkoypappa (K. 4.3.3). To
Bnkoypappa eival Lbavikd edw, 8LotTL Ba pog anokaAUPeL OxL LOVO ToV HECO 0po, AN Kal TO ploko

(méoo ouyva nébToupe og apvnTIKO KEPSOG).

plt.figure(figsize=(10, 6))

# Ixedit&loupe 10 Képdog avd Katnyopla. IMpooBétoupes pla KOKKLVY YPOAUUN OTO
0.

sns.boxplot (data=df, x='Category', y='Profit', palette='Set2')
plt.axhline(0, color='red', linestyle='--', linewidth=1.5, label="'0OplL0
Znutlag')

plt.title('Kepdopopla avd Katnyoplo: IoU x&vouupe xphuata; ')

plt.legend()

plt.show()

K. 4.3.3 Anutoupyia Snkoypauuatog kepbopopiog ava Katnyopia

Kepbogopia avd Katnyopla: Mol ydvoupe ypruata;

o === Dplo Znuiag
200 o
8
150 | 5
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&
e 50
o
0 —_—tm——— - ————————————— e ————————— - —
-50
-100 ©
Office Tech Furniture
Category

E. 4.3.3 Anutoupyia Bnkoypauuatoc kepdopopiac ava katnyoplio

H ewkova eival amokaAumtikr. Evw n katnyopia "Tech" (Texvoloyia) €xel to kouti tng Eekabapa
navw and to undév, n katnyopia "Furniture" (EmutAa) aAAd kat n katnyopia “Office” (Eidn
lpadeiov) mapoucidlouv npoPAnua. Eva uépog tou "koutlou" (mou avtumpoownelel To 50% Twv
MWANCEWV) EKTEIVOVTOL KATW QATO TNV KOKKWVN YPOUMN. AUTO onpaivel otL ota EmutAa kot Eidn
lpadelou, mMapoAo MOU KAVOUUE TWANROCELS, ouxvd upmaivoupe "péoa" (mBavwg Adyw uvPnAwv
METADOPKWY N EKMTWOEWV). H Katnyopia auth eival o umaitiog yla tn pelwpévn kepdodopla Tng

eTalpeiag.
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4.3.4. Yuox€ton NMwAnoswv kat Képdoug
Télog, ag efetdooupe av n auvénon Tou T{pou ¢Epvel TeAKA TepLoootepa KEPON. Oa
xpnolpomnotnooupe éva Siaypappa Staomopag (K. 4.3.4), xpwuatilovtag ta onueia pe paon tnv

Katnyopla yla va SoU e Ta potifa cupnepidpopdg.

plt.figure(figsize=(10, 6))

sns.scatterplot (data=df, x='Sales', y='Profit', hue='Category',6 alpha=0.7,
s=80)

plt.title('2xéon MowAncewyv — Képdouc'")

plt.axhline (0, color='black', linewidth=1) # Tpouun undevixkoU K&pdoOuQ
plt.show()

K. 4.3.4 Anutoupyia Staypauuatog Staomopdc kEpSOUG vs MTWANTEWV

Ixéan NwAfoewy - Képboug

Category
200 Office
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Furniture
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E. 4.3.4 Anuiovpyia Staypduuatoc SLaomopas KEpSOUC Vs MWANCEwWY

To Slaypappo SLacTopdg armoKAAUTITEL pla EekdBapn, aAAA TAUTOXpOVA AVNOUXNTLKA ELKOVA YL
TNV OLKOVOULKA ULYelal TG emiyeipnong, Ue To MO KPlolwo onueio avadopag va eival n opllovila
VYPOUUN Tou pndevoc mou Slaxwpilel T kepbodopeg amd TG INULOYOVEG CUVOAAOYEC.
Mapatnpwvtag TV Katnyopio tng Texvoloyiag (moptokaAi onueia), BAEMOUME pla LoXupn Kot
otaBepn BTk CUOYXETION, OTOU N AVEnon TwV MWANCEWV HeTaPPATETOL AUECA KOl AVAAOYLIKA OF
aUénon tou kEpSouc. Ta onuela oxnuatilouv pla amoTopn avosikn Taon Kol mapapévouv otabepd
mavw amd Tt ypopupn tou pndevdc, umodnlwvovtag éva UyLEG TteplOwplo KEPSOUG Kal XaUnAo

ETUYELPNUATLKO plOKO.

Itov avtinoda, n katnyopia Twv Enimlwv (mpdowa onueia) mapouotdlel cofapn douikn aduvauio
KoL anoteAel tnv KUpla mnyn Slappong ecd6dwv. Eva onuaviikd mAnboc¢ cuvaAlaywy evromiletal

KATW oo TO OPLO TOU UNOEVOG, YEYOVOG TIOU ONUALVEL OTL N €TALPELD CUXVA XAVEL XpHATA TTAPA TV
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olokAnpwaon tng mwAnong, mbavotara Adyw tou uPnAol KOoToug UeTadopdg 1 amobrikeuong.
AKOUN TIO AVNOUXNTLKO elval To ¢doalvopevo mou mapatnpeital oto Se€i Gkpo Tou ypadrnuaToc:
UTTAPXOUV TIEPIMTWOELG TTOAU uPnAol tlipou Tou amodEpouv eAAXLOTO £wC PNSapLvo KEPSOG, ULa
ouuneplpopd TIOU E€pXETAL O TANPN ovtiBeon HE TNV AMOTEAECUOTIKOTNTA TOU KAASOU TNgG

Texvoloylac.

JUVOAIKA, N OMTIKOTOINON QuTr Katapplmtel tnv menoibnon ot o uPnAog tlipog ocuvemayetol
autopata kot uPnAn kepdodopia. Evw ta Edn MNpadeiou (UmAe onueia) KvoUvTal o€ LKOVOTIOLNTLKA
enineda akoAouBwvtag Tov LEGO Opo, N OTPATNYLKA TNG Slolknong TPEMEL val E0TLAOEL AUECA OTNY
gfuylavon tou kAadou twv Emimlwv. Eival mpodavég OTL Ta Aettoupylkad £€06a 1 N TLHLOAOYLOKA
TIOALTLKN OTN OUYKEKPLUEVN Katnyopia "kaviBaAilouv" Ta KEPSN, LELWVOVTAG TN CUVOALKN amodoon

TNG ETALPELOG TTOPA TOV OYKO TWV MWANCEWV.
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Epwtroelg AutoaéloAdynong
1. MNolo HLETPO KEVIPLKNAG TAONG Elvat TO MO KATAAANAO dtav ta Sedopéva napouctalouv Eviovn

AooTNTA N TIEPLEXOUV QKPOLLEG TLUEG;
a) Méoog 6pog
B) Atdpeoog
v) Epog
8) Turukn AmtokAlon
2. TLovTUMPOooWTEVEL TO EVOOTETAPTNOPLAKO EVPOG;
o) Tn Stadopd petafd TG LEYLOTNG KOL TNG EAAXLOTNG TLUNG.
B) To eupocg oto onoio Bploketal To pecaio 50% twv deSouévwy.
v) Tov HECO OPO TWV TETPAYWVWY TWV ATIOKALOEWV.
6) To onpeio mou ywpilel ta Sedopéva oe Suo ioa pépn.
3. Av O€ [ KOTOVOUR LOXUEL OTL HECOG OpOC > SLANECOG, TL £i60¢ Ao§dTNTOG £XOUHE;
o) Apvntikn Aogotnta
B) Zuppetpikn Katavoun
y) Oetikn AofotnTa
8) Mndevikn Ao&otnta
4. Nouo givat to Baciko pelovéKTna TG AlakOpavong mou AUVeL n TuTkr) ATtOKALON;
o) Aev Umopel va UTIOAOYLOTEL yLa apvnTIKOUC aplBpoug.
B) Eival mavta HikpOTePn Ao To pUndév.
y) OL povadeg péEtpnong sivol TETpAYWVIOUEVEG (T.X. Scm”2S), SuokoAeUovtag tnv EpUNVeLa.

6) Aev AapBavel urmtodn OAeg TI¢ TYEC Tou Selypatog.
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5. Mowo ypadnua eivat to mMAfov KatdAAnAo yia va SOUME TNV KOTOVOWUK HLOG TTOCOTIKAG

METABANTAG KAl TO OXNAA TG (TT.X. OV LOLATEL LE KAUTTAVAL);

a) PaBdoypappa

B) Alaypappo AlacTtopag

y) lotoypappa

6) OepuIkd Aldypappa ZUGKETLONG

6. Xg €va OnKOypOua, TL UMOSNAWVOUV OL HELOVWHEVEG TeAeieg ou PBpiokovtal £§w amod ta

"povotakia";

o) Tov péoo 6po

B) Tiq OKpALEG TLUEG

v) Ta teTaptnuopla

6) Tn dlapeoo

7. Tupog Seiyvel o ZuvteAeotic MetaBAntotntag;

a) Tnv anoAutn Stadopd petafV peyiotou Kal ehayioTou.

B) Tn oxetikn dlaomopd w¢ MOCOOoTO TOU LEGOU OPOU.

v) Tn ouox£tion Hetal SU0 peTafANTWY.

6) TNV OLOUMHETPLO TNC KATAVORNG.

8. NMowa BLPAL0OAKN TG Python sivan Waviky yia th Snuoupyia Stadpactikwv ypadpnuatwyv pe

Suvarotnta zoom ko hover;

a) Matplotlib

B) Seaborn

v) Plotly

6) Pandas
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9. 3t éva OepkO SLAYPOLO GUOXETIONG, TL CNUAIVEL v £va TETPAYWVO £XEL £VTOVO KOKKLVO

XPWHA KOl TLLR KovTd oTo 1;

a) loxupn Betikr) cuoyxEtion

B) loxupn apvnTLkr CUCXETLON

v) Kapia cuoyxétion

6) OtL ta edopéva eivat Aabog

10. Tu onUOiVEL OV pLoL KOTOVOT) EiVoL AETOKUPTWHEVD;

o) Elvot ToAU mAatid kot eminedn.

B) Exel axunpn kopudn kat "maxlEC" oupéEc.

y) Elval amoAuTto oUUUETPLKA OTIWE N KAVOVLKH KOTAVOUN.

6) OtL 0 p€oocg 6poc eival apvnTIKOG.

11. Nouwo €idog ypadnpatog eivat 1o KAtaAAnAAGTEPO yLa ThV avaAuch XpOVOCELPWV;

o) Aldypappa mitog

B) Alaypappa SLacmopdg

y) Tpappkd didypappa

8) Onkoypappa

12. Ztnv evtoAn sns.barplot tou seaborn, TL avtutpoocwnevel n palvpn ypapun otnv kopudpn Kabe

papséou;

o) Tn péylotn TLun.

B) To SLdotnpa epmotoolvng.

v) Tov aplBud twv eyypadwv.

6) Tn daueoco.

13. T pog 816Aokel To mapddslypa tov "Anscombe's Quartet";
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14,

15.

16.

o) MLa TEXVLKN UTTOAOYLOUOU TOU eVEOTETAPTNOPLOKOU EVPOUC.

B) Ot téooepa o’uvola dedopévwy pe 8l OTATIOTIKA Uopel va €xouv evteAwg SladopeTika

ypadnuara.

v) Mta p€Bo60 yLa ToV EVTOTILOMO OKPALWV TLLWV.

6) Evav aAyoplbuo pnxavikng pabnong.

Av OéAoupe va ouykpivoupe To MANOOG TWV AVSPWVY KoL YUVOLKWVY ot €va Seilypa, molo

vpadnua 6a XpnOLUOTOLCOULE;

o) FpappLko Staypappa

B) PaBboypappa

V) Atdypappa SLaomopag

8) KDE Plot

Tueivan to 1o Tetaptnuoplo (Ql);

o) H tiun katw amo tnv omola Ppioketal To 25% Twv S£SOUEVWV.

B) H tyun kdtw amo tnv onoia Bpioketal to 50% Twv de50UEVWV.

y) H Tyun kdtw amod tnv omnola Bploketal 1o 75% twv dedopévwy.

6) H gAdyiotn TN Tou delypatoc.

Zto project tou kedalaiov 4.3 (Avaluon Kepdodopiag), molo Rrav to Baciko mpoBAna He TNV

Katnyopia "Furniture" (Erunia);

o) Elxav moAU xapnAég mMwANCELG.

B) Eixav unA£g mwAnoelg aAAd cuXVA apvNTIKO i LNSOULVO KEPSOG.

v) Aev urtipxav kaBdAhou Sedopéva yla auTr TV Katnyopio.

6) Eixav tnv uPnAdtepn kepdodopia armd OAeC TIG KoTnyopiec.
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17.Mw¢ ovopdletal n TEXVIKA Omou gudaviloups moAAd pikpd ypadrnpoata SimAa-6imAa ywa

Sladopetikég katnyopieg (.. col="'smoker');

a) Overlaying

B) Faceting (r) Subplots)

y) Clustering

6) Sampling

18.Tu Oa cupBel av XpnoLOMOLRCOULE TO OpLopa hue og éva Slaypappa Stomtopdg Tou seaborn;

o) Oa peyoAwoel To peyebog Twv onueiwy.

B) ©a oAAAEEL TO OXALO TWV CNUELWV.

v) Oa xpwpatiost to onueio BAoEL pLag KOTNyopLKAG LETABANTAC.

6) Oa kavel to ypadnua tplodlactarto.

19. Molo ano ta napaKATwW SV €ival LETPO SLACTIOPAC;

o) Turikn amokALon

B) Alakupavon

y) Emikpatoloa TN

6) EvéotetapTnuopLako eUpog

20. 2tnv Python, nwg unoAoyiloupe to 900 ekatootnpoplo (P90) piag otAAng df['col'];

a) df['col'].quantile(0.90)

B) df['col']l.mean() * 0.90

v) df['col'].percentile(90)

6) df['col']l.max() — 10
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4.4.1.

10.

11.

12.

13.

AmavtnoeLg Kot Emeénynoelg
B) H dtapeoog eivat £va avBekTIKO PETPO TTOU Sev emnpedletal amnod TIC akpaileg TIES, O

avtiBeon pe Tov péao opo.

B) To evdotetaptnpoplako eUpoc urtoAoyiletatl w¢ Q3 - Q1 kat meplypddel Thv e€amiwon

TOU KEVIPLKOU KOPUOU TwV SeS0UEVWVY.

y) Otav untapyouv PeyaAeg akpaieg TIEC (6€€d oupa), o LESOG Opog "tpafLétal” mpog ta

TAvVwW KoL Eemepva tn SLapeoo.

v) H turukn anokAlon ival n pifa tg Stakvpavong, emavadEpovtag Tig LoVASEeC otnv

OpXLKH TOUG popdn yia va Byalouv vonua.

v) To Llotoypappa eival to Bactko epYaAEio yLa TNV OMTLKOTIOINON TG oUXVOTNTOC EUPAVIONG

TIHLWV.

B) OLte)eieg népa amo ta opla (fences) Tou ONKOYPAUUATOC AVOITAPLOTOUV TLUECG TTOU

BewpoUVTOL OTATIOTIKA AKPALEC.

B) O cuvteAeoTtn¢ UTaBANTOTNTOC EMLTPETEL TN CUYKPLON UETOPANTOTNTAG LETALUY

Se80oUEVWV e SLAPOPETIKEG LOVASES LETPNONC.

v) To Plotly &nuwoupyet ypadnuata mou Aettoupyouv oTov browser Kot EMLTPENOUV TNV

oAAnAsmtidpaon.

a) Twun kovta oto 1 onpaivet 0t ot U0 PeTaBANTEG audvovtal TauToXpova.

B) H Betikn kUpTwOon SelXVEL CUYKEVTPWON OTO KEVTPO AAAA Kal peyaAUTePN TBavOTNTA YLl

OKPOLEG TIHEG.

v) To YPOUULKO SLAypap o CUVSEEL T ONUEla e YPOUEG, KAVOVTAC EUKOAN TNV

avayvwpLon TACEWV OTo XPOVO.

B) Aeiyvel to eUpoC HEoA OTO OTIOLO AVAEVOUE Va BPIloKETOL O TIPAYHOTIKOG LECOC OPOG

(ouvnBwg 95%).

B) ArtoSelkviel OtL Sev mpénel va Bacl{opoote povo os aplOuolg, aANd pEmeL avta va

OMTIKOTIOLOUE Ta Sedopéval.
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14.

15.

16.

17.

18.

19.

20.

B) To papdoypappa eivat tbaviko yla va PLETPHOOUE TIOOEG eyYpadEG avAKOUV oE KAOe

katnyopia.

a) Elval to onpeio mou adnvel miow tou To 25% Twv MapATNPHOEWV.

B) To Staypappa £6&l€e O0TL TOAAEG GUVAAAQYEG NTAV KATW ATIO TN VPO TOU UNSEVOG

(Cnrugg).

B) To faceting eivat n dnuouvpyia evog mMAEypatog ypadnuATwy BACEL ULOG KATNYOPLKAC

HeTaBANTAC.

v) To hue (andypwon) xpnotluomnoleital yia va opodormnolioet ta Sedopéva pe Stadopetika

XpWHOTA.

V) H eTukpatoloa TIun eival HETPO KEVIPLKAG TAONC.

o) H péBodog .quantile() S€xetal moocooto amd 0 €wg 1.

366



KEDAAAIO 5: ENIZKOMNHZH BAZIKON AAFOPIGMQON  MHXANIKHZ
MAOHZH2

Texvntr vonuoouvn, Hnxaviky pabnon kat Babid uabnon
H Texvnt Nonuoouvn (Artificial Intelligence — Al) amoteAel £évav eupU EMLOTNUOVIKO KOL TEXVOAOYLKO
kKA&do tnG MANPodoplkAG TIOU HEAETA KAl avANTUOOEL CUCTAMATA LKAVA va EKTEAOUV epyacieg ol
OTtoleg, Otav ekteAolvTal amod avBpwmoug, analtolv vonpoouvn. TEToLeC epyacieg meplappBdavouv
™ ANPn amnoddacswv, tnv emiluon mpoBAnuATwWY, TNV Katavonon ¢uoIKAG YAwooag, Tthv
ovayvwpLon €lkOVwY Kal TpoTtunwy, Kabwg Kat tn pabnon mou Baociletal o eumnetpia. O Paoikog
otoxo¢ tng Texvntng Nonuoouvng dev elval amAwg n ovtopotonoinon Stadlkaowwy, aAAd n
SnuLoupyio UMTOAOYLOTIKWY CUCTNHATWY TIOU UIOPOUV VA TIPOCAPHOIOVTOL OE VEEG KATAOTAOELG KOl

va epdavilouv cuumnepldpopig tou pocopolalouy TNy avBpwrvn okePn.

Méoa oto supUtepo medio tng Texvntig Nonpoouvng evtacostal n Mnxaviky Maénon (Machine
Learning — ML), n omoia eotidlel otn duvatdTNTO TWV UTTOAOYLOTIKWY CUCTNUATWY va pobaivouv
ond Sedopéva xwplc va €xouv mpoypoppaTiotel pntd yla kdBe mBavr mepimtwon. Avil o
TIPOYPOUUATLOTHG Vo kaBopilel avaAuTikd OAOUG TOUC KAVOVEC CUUTEPLPOPAS EVOC CUOTHOTOG,
otn Mnxaviky Mdabnon to olotnua sknaldeletal xpnolponolwvtag mapodeiypata (Sedoutva
ekmaidevonc) Kat e€ayel LOVO TOU TIPOTUTIA 1) LOVTEAQ TIOU TOU ETILTPEMOUV VAl KAVEL TIPOoPAEPELS A
anodacelg ylo véa, ayvwota 6ebopéva. KAaowa mapadeiypota edappoywv tng MnXavikng
MaBnong eivat n mpoPAedn TLLWVY, N KATNYOPLOTIOINON TMEPUTTWOEWY, TA CUOTHLATA GUCTACEWV Kal
0 EVTOTIOMOG aVWHOALWY. Ot aAyopLlOpoL UNXAVIKAG LABNoNG, OMWG N YPAUUIK TIoALVSpounon, ta
S6évipa amoddocswv Katl ol pEBodol cuotadonoinong, amoteAolv BeUEALO ylo TTOAAEG GUYXPOVEG

edappoyEG TeEXVNTAG vonuoouvng.

H BaBiad Mabnon (Deep Learning — DL) amotelel éva efelSikeupévo UTOOUVOAO TNG MNXAVLIKAG
Mabnong kal Boaoiletal otn xprion TEXVNTWV VEUPWVIKWY OIKTUWV He TOAG emineda (Babia
veupwvika Siktua). To BACIKO XapaKTNPLOTIKO TNG Babldg Mabnong eival n Lkavotnta autopatng
€€aywyng XOpOKTNPLOTIKWVY aneuBeiag anod ta akatépyaota dedopéva, Xwplg va amalteital EKTEVNG
avBpwrivn mapéupaon ylo To OXESLAOUO TWV XOPAKTNPLOTIKWY. Mo mapddelypa, o mpoAnuata
avayvwpLlong lkovVwy, éva Babu veupwviko SikTuo pmopel va HABeL pOvo Tou amAEC SOUEG OTIWG
OKUEG, OTN CUVEXELA TILO oUVOETA oXNUOTA KoL TEALKA OAOKANpPa avtikeipeva. H BaBid MaBnaon €xet
06NyNOEL 08 EVIUNTWOLAKEG TIPOOSOUC O€ TOUELG OTIWC N UTTOAOYLOTIKA 6poan, N avayvwplon Gwvng,

n Hetddpaon uokng yYAWoooc Kal To. QUTOVOUA CUCTH AT,
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H ouoyxétion avapeoca oe Texvnty NonuoouUvn, Mnyavikn Mabnon kat Babiwd Mabnon
napouctaletal oxnuatikd otnv Ewkova 14. Ito mopov kepaAalo Ba neplypadolv aAyoplOuot mou

gumintouv otn Mnxavikry Madnon.

/ Artificial Intelligence \

Texvntr] Nonuoouvn:
ETUTPETIEL OTOUC / Machine Learning
UTTOAOYLOTEC VA

HipoovtaL tnv
avopuitivn
ouumepldopda

Mnxavikn pasnon:
lKavotTnta padnong
Xwpic va éxet /
Tponyn8ei pntog
TIPOYPUUMATIONOC

Deep Learning )
BaBid paénon: ikavétnta

auTopatne sEaywync
XAPAKTNPLOTIKWY ano dedopgva

ME XPNON TEXVNTWY VEUPWIVIKWY
\ \5LKTULUV /

Ewova 14 — Zuoyetion Texvntng Nonuoouvng, Mnyavikic Madnong kat Badiag Madnong.

Python kat punxavikn pabnon
H Python £xet kaBlepwBel w¢ pia amd Tg SnUodNECTEPEG YAWOOEG TIPOYPAUUATIOHOU yla T
Mnyxavikn Maénon, xapn otnv amAoTnTa TS CUVTAENG TN, TNV OVAYVWOLLOTNTA TOU KWK Kal TO
TANB0¢ oxeTikwv BLBALOBNKWY Tou Slabétel. NMapExel epyoadela yia OAA TO OTASLO KATAOKEUNG LOG
ebappoyng pNXavikng padnong, amdé tn ocuMoyn kal mpoenefepyacio dedopévwv £wg TNV

ekmaidevon, afloAdynaon Kal xpron LOVTEAWV.

5.2.1. BiBAwobnkec tng Python yiwa avaiuon Oedouévwy kal edapuoyr oAyoplBuwv
UNXavikng pabnong
H Python 81a0£TeL éval eKTETAPEVO KoL WPLUO olkoouothnua BLBALoBnKwy Tou tnv kablota wWiaitepa
KOTAANAN ya avaluon dedopévwy Kal edpappoyr alyopiBpwv pnxavikng padnong. To Jupyter kot
to IPython mapéxouv Sladpaotika meptBailovta mou SLeUKOAUVOUV TNV MELPAPATLKA avaAucon Kol
Vv tekunplwon tng epyaociag, evw to NumPy amotelel tn Baon yla amodotikoug aplOuntikoug
umoAoylopouc. Navw og autd to unopabpo, BLBALoBrKkeg 6mwe to Pandas katl to Polars emitpénouv
TO METAOXNHUATIONO, TOV KaBapLopo Kat Tnv availuon dedouévwy, Le Eudaon elte otn xpnotikotnta
glte otnv uPnAn anddoon oe peydAa cuvoha Sedopévwy. MNa TV OnTLKomolnon, epyaieia OMwe Ta
Matplotlib, Seaborn, Plotly kat Altair kaAUmtouv éva gupl GAoHA OvVayKWV, Amo OmAQ OTATIKA
vpadnuota ewg Stadpaotikd dashboards kat Stepeuvntikr avaAucn Sedopévwy. ITOV TOUEA TNG

MNXavikng padnong, n scikit-learn mpoodépel €va ouvekTikd Kal €0Xpnoto MAAICLO yla TV
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vAomoinon kKAaotlkwv aAyopiBuwy Katnyoplomoinong, maAvdpopnaong kat cuctadomnoinong, kabwg
koL gpyadeia afloAdoynong HovtéAwv, evw PiBAloBrikeg omwe ta statsmodels eotialouv otn
OTATLOTIKN avAAuon Kal Tn povieAomoinon. TEAOG, yla TILO amaAltnTKEG edaployeC, BLBALOBNKEG
uPnAng amodoong onmwg ta XGBoost, LightGBM kat CatBoost, kaBwg kot BiBAloBrikeg Babidg
pabnonc omwg n PyTorch kat n TensorFlow, enekteivouv Tig Suvatotnteg tng Python os edapuoyég

BaBLag pabnonc.

Ta 6ebopeva, oL TUTIOL KAl Ol LOPdEC TOUC
Ta dedopéva (data) amotehoUv tov BepeAlwdn mopo kdbe availuong, HOVTIEAOU 1 CUCTHHATOC
MNXAVIKAC Habnong. Ta dedopéva eival oUANOYEC ammd MAPATNPNOELS 1] AVTIKEILEVA, OMoU KABe
ovtikelpevo meplypddetal and éva olvolo xapaktnplotikwy (features). KaBe xopaktnplotikd
ovtiotolyel oe pwa W8otnTa mou pmopet va AapPadvel Tpég pe Sddopoug TUMOUG OMWE ol
OVOUOOTIKEG (nominal) TLEg, ol Statetaypévec (ordinal) TIHEC Kal oL aplOUNTKEG (numerical) TLUEC.
OL OVOUOOTIKEG TIMEG, OTIWE «dUAO» N «xwpa», amMAwS Slakpivouv KOTnyopleg xwplg va umovoeitat
KAToLa OElPA AVAESA OTIC TIMEG. Ol SLATETAYUEVEG TIHEC OTWG «BaBudg kavomoinong», opilouv
KATTOLOL EVVOLOAOYIKI) OELPA OTLC TILEC (TLY., «XOUNAOGCY, «UETPLOC», «UPNAGC»). OL ApPLOUNTIKEG TUUEC
OMAG QVTLITPOCWITEVOUV TIOCOTNTEC TIOU €XEL VONUO va oUYKPLOoUv petaél Toug Kab'cw Kal va

OUMETEXOUV OE UTIOAOYLOUOUC.

ATO TNV OAAN pepLd, Ta dedopéva prmopolv va epdavioToly oe TIOANEG popd£Eg avaloya pe Th Soun
tou mpoPARuatog kat tn ¢uon tou meblou edpoapuoyng. Mia BoAwn popdn, yia ebapPUOYEC
MNXAVIKAG HaBnong, sival ta dopnuéva dedopéva onwe eival ol eyypadég Baoswv dedopévwy oe
TVaKeC, OTIOU KABE YpaUUN AVTLOTOLXEL O €va QVTLKELUEVO (TL.X. €vav TEAATN 1] Kia cuVOAAQyn) Kol
KABe oTAAN o€ €va XapakTnPLoTKO (LY. NAWKia, €L008NUA). YIIAPXOUV OUWG Kol AAAEG KOTnyopieg
nou Eedpelyouv amod tov amAd mivaka. Ot docoAnieg (transactional data) meplypadouv cuvola
OVTIKELUEVWY ToU oupPaivouv pall, onmwg Aloteg mpoloviwv ot amodeilfelg ALAVIKAG, Ko
XPNOLLOTIOLOUVTAL O€ TEXVIKEG avaAuong kahablol ayopwv (market basket analysis). Avtiotolxa, Ta
Kelpeva amotedolv adounta Sedopéva IOV TIPETIEL VOL LETATPATIOUV O KATAAANAN ovamopdotaon
(r.x. mivakeg pe TF-IDF 4 embeddings) mpwv edapupoctolv odyoplBuol pabnong. ANeG popdEg
Sebopévwy eival ta Sedopéva ypadnuatwy (graphs), 6mou ot KOUPBOL KAl Ol AKUEC OVATIOPLOTOUY
oxéoelg petafd ovrotATwv (m.X. KOWwwvViKA 6iktua), Kal Ywpoxpovikd Oedopéva, ta omola
EVOWHATWVOUV TIANpodopia TOCO yla TO MOU 00O KOl ylot TO TOTE CUMPAIVEL KATL, OMWE yla
napadeypa Sedopéva Beppokpaciag otov maykooulo xdptn. TEAog, pia akopa bk popdn
S6ebopévwy, Tou eudaviletal 0 OLKOVOULKA, HETewpoloylkd n Ploiatpika dedopéva eival ot

XPOVOOELPEC, OTIOU KABE MapATHPNCN QVTLOTOLXEL OE LA OTLYUI OTO XPOVo.
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KaBe popdn dedopévwy amarttel kKatdAAnAn avamapdotacn Kol poenefepyacio npv ebappoctolv
oL aAyoplBuol pnxavikng pabnong. Xta Sounuéva dedopéva, autr Umopel va meplhapBavel tnv
KWALKOMOINoN KATNYOPLKWY HETABANTWY KAl TNV KAVOVLKOTIoinon aplBunTikwy. Ita Kelpeva Kal ta
vpadnuata, xpeldlovtal HETAOXNUATIOMOL OTwG €faywyn XAPOKTNPELOTIKWVY. XTI XPOVOOELPEG,
umopel va epaplooTolV TEXVIKEC OMWE OVAAUCH TACEWV KOl EMOXIKOTNTOG TPV Ttapaxbouv

npoPAEPets. Napadeiypata twv popdwv Sedopévwy mou avadépdnkav paivovrat otnv Ewkova 15.

Evypadéc Baoewv Aedopévwy AocoAnyieq Kowwvikd Aiktua
1 |ves |single [125K | No 1 Bread, Coke, Milk » B hue
2 |No |Married | 100K No 2 Beer, Bread Use ===
3 |No |Single | 70K No 3 Beer, Coke, Diaper, Milk Friands
4 |Yes |Mamied (120K |No 4 Beer, Bread, Diaper, Milk = l l
5 No Divorced |95K Yes 5 Coke, Diaper, Milk 'Eﬁ: Check in P [~ ]
& [MNo Maried (80K No =3 A E¥:
T Yes Divorced | 220K No
8 No Single 85K |Yes
9 |No |Married | 75K |No . . ; : X
10 [No  |Single [s0K  |Yes Asdopéva ypdduwy Xwpoxpovikd dedopsva Xpovooelpég

. Merosels Arrae il Tomerr 1141

Avamapdotach Kelpévou ; H"
il

) &y %/{\J | / \d

‘ 2 : ‘\
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Iea
BJ00S
et
um
150]
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Document 2 ] 7 o 2 1 o o 3 0 0 -
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Document 3 0 1 0 a 1 2 2 0 3 o

Ewkova 15 — Mapadsiyuata poppwv Se50UEVWV.

5.3.1.1 AnoUetipia bebouevwv

Ta anoBetrpla SeSopévwy (data repositories) amotedoUv Bacikry umodour yla TV avaiuon
Sebopévwy Kol TN HNXavLkn padnon, kabwg mapéxouv eAelBepa 1 avolktd cUvola SeSopévwy oy
XPNOLUOTIOOUVTAL  ylO.  TElPOUATIONd, ekmaidevon alyoplBuwv, olykplon peBOSwWV  Kal
ovVamopOywyn  EPEUVNTIKWV  QmoTeAsoudtwy. To  amoBetipla meplhappavouv  Ssbopéva
Sladopetikwv popdwv Kal emmeSwv SUCKOALOCG, amd UIKPA EKTALSEUTIKA OUVOAQ €W Heyala

TpAyHOTIKA Sedopéva, Kal cuxva cuvodelovtal amo tekpnpiwon, petadedopéva kal mopoadeiypata

xefong.

EvSelktika amoBetipla dedopévwy pe KatdAAnAa Sedopéva yla TEWPAUATIONO He alyopiBpoug

UNXAVIKAC pabnong sival ta akolouBa:

e Awesome Public Datasets (GitHub): https://github.com/awesomedata/awesome-public-

datasets

e Calmcode datasets: https://calmcode.io/datasets

e Google Dataset Search: https://datasetsearch.research.google.com/
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e Kaggle Datasets: https://www.kaggle.com/datasets

e Keras datasets: https://keras.io/api/datasets/

e OpenML: https://www.openml.org/search?type=data

e Scikit-learn Real-world datasets: https://scikit-learn.org/stable/datasets/real world.html

e Scikit-learn Toy datasets: https://scikit-learn.org/stable/datasets/toy dataset.html

e Seaborn datasets: https://www.kaggle.com/datasets/abdoomoh/all-seaborn-built-in-

datasets

e UCI Machine Learning Repository: https://archive.ics.uci.edu/

o  KuBepvnuika dedopéva E.E.: https://data.europa.eu/en

e  KuPepvntikd dedopéva H.M.A.: https://data.gov/

5.3.1.2 Zuvola bebouévwy mou Va xpnotuoroindoulv ota mapadelyUata Tou KE@aAaiou

210 TMAQLOLO TNG ELOAYWYNG OTN UNXAVLKN HaBnon, elval xpAowun n aflomoinon koblepwpévwy Kot
KOAQ TEKUNPLWHEVWY OUVOAWY Sedopévwy. Ta cUvVola auTA XPNOLUOTOLOUVTOL EUPEWE TOCO yLa
eknaidevon 600 kal otn Stebvr BiLPAoypadia, SteukoAlvovtag tnv Katavonon Baclkwy evvolwy
OMwG n Katnyoplomoinon, n moaAwvdpounon, n mpoemneéepyooia dedopevwy Kot n afloAoynon
povtéAwv. EmumAéov, emuTpEmouv tn oUYKPLoNn SLadOpPETIKWYV aAyopiBUwY Kol ThV avamopaywyn
TELPOLOTIKWY QTIOTEAEOUATWY, KABWE TA XOPAKTNPLOTIKA Kot n Soun toug eival yvwota Kal
peAeTnuéva. Ita akolouBa clvoha Sedopévwyv Ba Baolotouv oplopéva amd ta mapadsiypata

epappoyng aAyopiBuwy HNXavIKAg Ladnong mou Ba mapoucLaoToUV OTH GUVEXELQ.

e |ris data set

o https://en.wikipedia.org/wiki/Iris flower data set

o https://scikit-learn.org/stable/datasets/toy dataset.html#iris-plants-dataset

o https://archive.ics.uci.edu/ml/machine-learning-databases/iris/iris.data

e The Boston Housing Dataset

o https://www.cs.toronto.edu/~delve/data/boston/bostonDetail.html

o https://lib.stat.cmu.edu/datasets/boston

o https://www.kaggle.com/code/prasadperera/the-boston-housing-dataset

o https://github.com/shridhar1504/Boston-House-Price-Prediction-Datascience-Project

e Titanic Dataset

o https://seaborn.pydata.org/generated/seaborn.load dataset.html

o https://github.com/mwaskom/seaborn-data

o https://www.kaggle.com/competitions/titanic

o https://colab.research.google.com/drive/1EshABaip88itNX4vABJ1FHDmgRJSbanw
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To Iris dataset mepieéxel meplhapfavel petprioelg and 150 ¢utd ipdag, kataveunuéva oe tpla
Sladopetikd €idn pe 50 Seiypata ywo kabe e€idog. MNa kabe dutd kataypadovral TEcoepa
APLOUNTIKA XOPAKTNPLOTIKA —AKOG KoL TTAATOG GETMAAOU, UAKOG Kol TIAATOC TTETAAOU — KaBwC Kal
TO Ovopa tou eidoug oto omoio avrkel. H amAni Soun kat n cadng Stakplon LETOEL TwvV KAACEWV
kaBlotoUv 1o Iris dataset 1Slaitepa KatdAANAo yla eloaywylkd mopadsiypata Katnyoplomnoinong,

omTiKomoilnong dedopévwy Kal afloAdynong Pactkwv aAyopiBuwyv Lnxavikng uabnonc.

5.1,3.5,1.4,0.2,Iris—setosa
4.9,3.0,1.4,0.2,Iris—setosa
7.0,3.2,4.7,1.4,Iris-versicolor
6.4,3.2,4.5,1.5,Iris-versicolor
6.3,3.3,6.0,2.5,Iris-virginica
5.8,2.7,5.1,1.9,Iris-virginica
Petal
Iris Versicolor Iris Setosa Iris Virginica

Ewkéva 16 — To auvoldo debouévwy lris.

To Boston Housing Dataset sival éva kAaotlkd oUvolo dedopévwy maAlvdpopunong anod otolxeia tng
Yninpeoiog Armoypadng twv H.M.A. ywa Thv mteployn tng Bootwvng kot mepthapBdavel 506 eyypad£g pe
13 aplBUNTIKA XAPAKTNPLOTIKA TTOU QITOTUTIWVOUV KOLVWVIKOOLKOVOULKOUG, TEPLBAAAOVTLKOUG Kal
TMoAeodoukoU¢ Tapdyovteg. H petapAntn-otoxog eival n Sidpeon aflo Katolklwv o€ XALASEC
SoAdpla. Mapd t Hakpdxpovn XPHon ToU OTNV EKMAlSEUON Kal TNV €peuva, To cUVOAo SeSopévwy
€XEL AMOTEAECEL QVTIKE(PHEVO TPOPANUATIONOU, KABWG TepAAUPAVEL LETABANTEG HE KOWWVIKA
€UALOONTO TEPLEXOMEVO KOL EVOWHATWVEL LOTOPLKEG QVIOOTNTEG TIOU MMopel va odnynoouv o€
cuumnepdopota pe pepoAnyia. MNa tov Adyo auto, n Xprion Tou CHHEPA CUVOSEUETAL AMO TV
QVAYKN KPLTIKNG TIPOCEYYLONG Kal NOKNAG afloAdynong, avadelkvuovtag Tn onpacia tng umevbuvng

eTAOYNAG KoL epunveiog Sedopévwy ot unxovikn pabnon.
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Dataset Naming

The name for this dataset is simply boston. It has two profotasks: nox, in which the nitrous oxide level is to be predicted; and price.
in which the median value of a home is 10 be predicted

Miscellaneous Details

w Origin
The origin of the boston housing data is Natural.
w Lsape
This daiaset may be used for Assessment.
= Number of Cases
The datase! contains a total of 506 cases.
v (hrder
The order of the cases is mysterious.
w Variables
There are 14 attributes in each case of the dataset. They are:
1. CRIM - per capita crime rate by town
2. ZN - proportion of residential land zoned for lots over 25,000 sq ft,
3. INDUS - proportion of non-retail business acres per lown.
4. CHAS - Charles River dummy variable (1 if tract bounds river; O otherwise)
3. NOX - nitric oxides concentration (parts per 10 million)
6. RM - average number of rooms per dwelling
7. AGE - proportion of owner-occupied units built prior 1o 1940
8. DIS - weighted distances to five Boston employment centres
9. RAD - index of accessibility to radial highways
10. TAX - full-value property-tax rate per 510,000
11. FTRATIO - pupil-teacher ratio by 1own
12. B - 1000(Bk - 0.63)42 where Bk is the proportion of blacks by wwn
13. LSTAT - % lower status of the population
14. MEDV - Median value of owner-occupied homes in $1000's
w Note
Variahle #14 scems to be censored at 5000 (comresponding to a median price of $50,000); Censoring is suggested by the fact
that the highest median price of exactly $50.000 is reported in 16 cases, while 15 cases have prices between 540,000 and
$30 000, with prices rounded to the nearest hundred. Harrison and Rubinfeld do not mention any censoring.

Last Updared 10 Qcrober 1996
Comments and questions to: delve@ cs toronto edu X

o2

Ewoéva 17 — To auvoldo debouévwy Boston housing.

To Titanic dataset kataypddel otolyeio emBOTWY TOU UMEPWKEAVIOU TITaVIKOC. KaBe eyypadn
avtiotolyel o évav emBATn Kal MEPANAUBAVEL XOAPOAKTNPLOTLKA OTwE To GUAO, N NALKia, N KOWWVLIKA
TAgN, TO €loltPLOo Kot To Aave emiBifaong, pe PeTaBAnti-otoxo tnv erupiwon Q| un HETA TO
vauaylo. To oUvolo OeSopéVwY XPNOLOTOLETAL EKTEVWE Yl TNV €l00ywyn O TpofAnupata
Suadikng tafvopnong, tn Staxelplon eAAUTWY THWY, TV KWSELKOTOINGN KOTNYOPIKWY LETABANTWY

KoL TNV afloAoynon aAyopiBuwy npoBAsdng.

373



- H H

= Titanic

BID: 40945 @verified EBARFF  E3Public @2017-10-16 }*v.1 © Version history
@ Joaquin Vanschoren ) W 3likes A Oissues @B 45 downloads

@ DataScience History  Statistics  text_data

Description

Author: Frank E. Harrell Jr, Thomas Cason
Source: Vanderbilt Biostatistics
Please cite:

The original Titanic dataset, describing the survival status of individual passengers on the Titanic. The titanic data does not contain information from the crew, but it does contain
actual ages of half of the passengers. The principal source for data about Titanic passengers is the Encyclopedia Titanica. The datasets used here were begun by a variety of
researchers. One of the original sources is Eaton & Haas (1994) Titanic: Triumph and Tragedy, Patrick Stephens Ltd, which includes a passenger list created by many researchers and
edited by Michael A. Findlay.

Thomas Cason of UVa has greatly updated and improved the titanic data frame using the Encyclopedia Titanica and created the dataset here. Some duplicate passengers have been
dropped, many errors corrected, many missing ages filled in, and new variables created.

For more information about how this dataset was constructed: http://biostat.mcvanderbilt.edu/wiki/pub/Main/DataSets/titanic3info.txt
Attribute information

The variables on our extracted dataset are pclass, survived, name, age, embarked, home.dest, room, ticket, boat, and sex. pclass refers to passenger class (1st, 2nd, 3rd), and is a proxy
for socio-economic class. Age is in years, and some infants had fractional values. The titanic2 data frame has no missing data and includes records for the crew, but age is
dichotomized at adult vs. child. These data were obtained from Robert Dawson, Saint Mary's University, E-mail. The variables are pclass, age, sex, survived. These data frames are
useful for demonstrating many of the functions in Hmisc as well as demonstrating binary logistic regression analysis using the Design library. For more details and references see
Simonoff, Jeffrey S (1997): The "unusual episode” and a second statistics course. J Statistics Education, Vol. 5 No. 1.

Ewkova 18 - To ouvoAo Sebougvwv Titanic, ue nepLypapn arno 10
https.//www.openml.org/search?type=data&sort=runs&id=40945&status=active

5.3.1.3 Eéaptnuévec UETaBANTEC KL EPUNVEUTIKEG UETABANTEC

ITNV UNXOVLIKA HABNon Kevipkd poAo mailouv ol e€apTnUEVEG UETAPBANTEG KOL OL EPUNVEUTLKEC
petaPBAntég, kabwe opllouv TL akplBwg emixelpel va mpoPAéPel N va e€nynoel éva povtélo. H
g€aptnuévn petaBAntn eivat n moootnta evdlodépovtog, SnAadn to anotéAeouo ov YeTaBAAAeTal
w¢ ouvaptnon AAwv PETAPANTWV Kal amoteAel Tov otoXo NG avaiuong. Ztn PBipAloypadia
ouvavtatal emiong w¢ MeTABANTA-0TOXOCG, METABANTH OMOKPLONG 1 ETIKETA, €VW OTA aAyYALKA

avadepetal wg dependent variable, target variable, response variable i anmAwg label.

Ol €pUNVEUTIKEG MEeTOPANTEG €ival oL PeTOBANTEG TTOU XPNOLUOTOLOUVTAL Yla va g€nyncouv i va
nipoBAEPouv TN cupnepidopd tng e€optnUévng LETABANTAG. MNeplypddouv Ta XOPAKTNPLOTIKA TWV
TIAPATNPNOEWVY KAl OITOTEAOUV TIG EL0OS0UG TOU HOVTEAOU. Ita eAANVIKA avadEpovTal Miong wg
avefApTNTEG WETAPANTEG, EMEENYNMATIKEG METABANTEG 1 XAPAKTNPLOTIKA, EVW OTA OYYALKA WG
independent variables, explanatory variables, predictors, features nrj input variables. NMapottL cuyva
amoKaAoOUVTAL «OVEEAPTNTEG», OTNV IPAEN Umopel va Mapouctldlouv PETAEU TOUG CUOXETLOELS KL O

0poG dSnNAwvel kuplwg OTL 6ev AmoTeAOUV TO ATOTEAECHA TTOU LOVTEAOTIOLELTAL.

‘Eva XOpOKTNPLOTIKO TtapAadelypa eival n mpoBAedn NG TLUAG VOG oTLTtol. I€ QUTH TV epimTwon,
N TN TOU oTutou amoteAel tnv e€aptnuévn petaPAntr, KabBwg ival To péyebog ou eTSLWKETAL

va tpoPAedBel. AvtiBeta, petaAnTEG 0w To ePPaddv Tou omitioy, o aplBuog SwHATiwy, N NALKia
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TOU KTlplou Kal n amootacn oo To KEVIPO TNG TOANG AELTOUPYOUV WG EPUNVEUTLKEG UETABANTEG,

eneldn xpnoomnolouvtal yla va e€nyrioouv f va tpoPAEPouv Tn LeTaBOAn TNG TLUAG.

Katnyopiec adyopiBuwv pnyxavikng pabnong
OL aAyoplBuol pnxavikng pabnong taglvopouvral os 4 Baolkeg katnyopieg (Ewkova 19) pe kpitriplo
TOV TPOTO HE TOV omoio aflomolovv Ta Stabéoipa dedopéva Kal TO PNXAVIOUO HaBnong mou
akoAouBouv. H o dadedopévn katnyopla gival n emiPAenopevn pabnon (supervised learning),
OTIoU TO HoVTEAO ekmaldeveTal o cUVoOAa SeSouévwy Tou TEPIAAUBAVOUV TOCGO TO XOPAKTNPLOTIKA
£l0060U 000 KOl TN owotn ££060 (€TIKETA). ITNV Katnyoplo autr avAkouv mpoPAfuata Onmwg n

npoPAedn katnyopliag r} cuvexolg TIUAG.

H un emuPAenopevn pabnon (unsupervised learning) edapudletal otav to OSedopéva Sev
ouvodelovTal amod €TIKETEG Kal 0 oTOX0C £lval N avakdAuvyn Kpupwv Souwv 1 MPoTUTWVY. TUTILKA
napadelypato amoteAovv ot aAyoplBuol mou mpoomabolv va eVIOMIOOUV OUASEC TOPOUOLWV
OVTLKELHEVWY H va cuvoicouv Tty mAnpodopia Sedopévwy pe Alyotepeg petapAntéc. H katnyopia

oautn sival blaitepa xpriown otn Sltepeuvntikn avaluon SeSouévwy.

H nui-emiPAenopevn padnon (semi-supervised learning) Bpioketal petafl twv U0 TPONYOUUEVWY
npooeyyloewv kal aflomolel ouvoha Oedopévwyv oOTA OmMola HOVO Eva HLKPO UEPOC TWV
TAPATNPNOEWV £XEL EMONUAVOELS owoTnG e€660u. Xpnolgomolouvtal otav N MARPNG EmLonuavon

elvat Samavnpn A SUGKOAN.

TéAog, n pabnon pe avarpododotnon (reinforcement learning) Baoiletal otn Sladpactikiy padnon
€VO¢ mpdktopa (agent) oe éva meplBdllov, Omou oL amoddcel; Tou afloAoyolvtol HECW
ovTapolBwy A MOWWV. XTOXOG €ival n eKHAOnon HLOG OTPATNYLKAC TIOU HEYLOTOTOLEL TN GUVOALKNA
ovtapolpn pe tnv mdpodo tou xpdvou. H mpooéyylon autr xpnotpomnoleitatl os mpoBAnuata AnPng

oano¢pAacewy, OTWCE N POUTTIOTIKH, TA TAXVISLA KAl TO AUTOVOUA CUCTHLATO.
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EruBAeTtOpEVN pABNON Mn eTBAETTONEV HABNON
Supervised Learning Unsupervised Learning

Mnxavikr padnon

R Mdabénon pe avatpododotnon
Semi-supervised Learning Reinforcement Learning

Ewkova 19 — Baotkég katnyopieg aAyopiBuwv unyavikng uadnong.
Itn ouvéxela Ttou kedahaiou Ba efetactouv povo aAyoplBuol emuPAemopevng PABnong Ko

aAyopLlOpoL pun-emiBAenopevng pabnong.

5.4.1. MNeploocotepa yla emPAenmopevn Labnaon Kot pn-emPAenouevn pabnon

Ytnv emBAendpevn pabnon, to povtého pabaivel amnod mapadeiypata ota onolo N cwoth andvinon
glval Nén yvwotn. Ta dsdopéva eknaidevong sudavilovral cuvnbwg os Levyn (X, y), omou 1o X
OVTLOTOLXEL OTIG EPUNVEUTIKEG UETAPANTEG KAL TO Yy OTNV €€0pTNUEVN METAPANTH. ZE OpPLOUEVA

poBARUATA HUITOPEL val UTIAPXOUV TEPLOCOTEPEG MO pia e€apTnUEVEG LETOPANTEG.

Ta mpoPAnpota emBAemtopevng nadnong dtakpivovtal kupiwg otnv moAwdpopunaon (regression) ko
otnv kotnyoplomoinon (classification). Xtnv maAwdpounon, o otoxog eivat n TpoPAedn
OPLOUNTIKWY, CUVEXWV TIHWVY, OTIWG yla TapASelypa N eKTiHNON TNC TIUAC EVOG aKLWVNTOU UE BAon
XOPAKTNPLOTIKA OMwe Tto €UPadov n n tomoBeoia. Tutukol aAyoplBuol maAwdpounong sival n
YPOUULKN KOl N TIOAUWVUULKN TaAvépounon, kabwg kal Ta veupwvikd Siktua. Avtibeta, otnv
KaTnyoplomoinon o otoxog eivat n avdbeon SLAKPLTWV ETIKETWV OTL MOPATNPNAOEL;, OTWE N
taflvounon evog email w¢ kavovikd 1 avemBuunto (spam). TNV Katnyopia authH avrkouv
oAyoplOpol Oonwg ta Sévipa amoddoewv, oL k-mAnoitéotepol yeitoveg (k-NN), n Aoylotikn

naAwépopnon, o Naive Bayes, ta Support Vector Machines (SVM), Ta veupwvika diktua K.a.

Itn un  emPAenopevn pabnon (unsupervised learning), Ta O&ebopéva ekmaideuong bev
nepthappavouv eCaptnuévn petapAntr. O alyoplBuog dev ywvwpilel €K TWV TIPOTEPWVY KOWOTEG
anavtnoels», oAAd mpoonaBel va evromiosl SOMEG, TPOTUTIAL 1) OXEOELS TIOU UTIAPXOUV OTQ
6ebopéva. Mia PBaoiky umokatnyopia pn emiPAenodpevng pabnong eival n ouotadomoinon
(clustering), omou otdxog elval n opadomnoinon MapatnPACEwWY HE BAcn TV opoldTNTA Toug. Eva

XOPAKTNPLOTIKO Ttapddslypa sival n opadomoinon melatwv plog emxeipnong cVpdwva Pe T
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ouuneplpopd ) T XOUPAKTNPLOTIKA TouC. Anpodieic ahyoplBuol cuotadonoinong eivat ot K-Means,

n Lepapytkn cuotadomnoinon kat o DBSCAN.

Mta SeUTEPN GNUAVTLKN UTTOKOTNYOopia TNG Un emBAenopevng Habnong ival n pelwon dtactacewv
(dimension reduction). & auth TNV MepIMTwWon, OTOXOG £ival n amMelkovion deSouévwy amo évav
xwpo uPnAng Sldotaong oe £vav Xwpo HUIKpOtepng Sitdotaong, dlatnpwvtag 6o to Suvatov
TIEPLOCOTEPN aMO TN onuovtiky mAnpodopia. H pelwon SlAoTACEWY XPNOLUOTOLETAL GUXVA YLl
omtikonoinon &eSopévwy e TOAAA XAPAKTNPLOTIKA f ylo arAomoinon mpoBAnudtwy mpw tnv
epappoyn aAwv alyopiBuwv. KAaokéG TeXVIKEG lval n AvaAuon Kuplwv Juviotwowv (PCA) kot n

uEBoSoG t-SNE.

MaAwdpounon
H naAwvépounon (regression) xpnollomoLeltal yla tn HEAETN KoL LOVTEAOTIOLNGN TNC OXEONG LETAEY
pLog e€optnUEVNG LETABANTAC KaL LiOC 1) TIEPLOGOTEPWY EPUNVEUTIKWY LETABANTWVY. ITOXOC TNG elvat
N Kotowvonon Tou TPOTIOU LE TOV OMOoLlo Ol UETOPOAEG OTLG EPUNVEUTIKEG HETAPANTEG eMNpedloUVY TN
petaBAnti-otoxo. H maAwvdpounon adopd cuvexn UeyEOn, OMwC MOOOTNTEC I UETPNOELS. ITO
mAaiolo tng avaluong Sedopévwy e tnv Python, ot péBodol maAvépounong mapéxouv £va LOXUPO
KOL EUVEAIKTO epyaleio TOOO yla TeplypodLkr €PUNVELD OCO KOL YlOl KOTOOKEUN TIPOPAEMTIKWY
MOVTEAWY, ATMOTEAWVTIAC CUXVA TO TPWTO Bruo otn Slepelivnon MOCOTIKWY OXECEWV UECA OE €va

ocuvolo Sedopévwv.

5.5.1. Tpoputkn moAwvdpounon
H ypappikn maAwdpoéunon (linear regression) umoBétel otL n e€aptnuévn PetaBAnt pmopel va
ekbpaoTel WG YPAUUIKOG CUVEUOOUOG EVOG CUVOAOU EPUNVEUTIKWY LETABANTWV. M P EPUNVEUTIKEG

UETABANTEG, AUTO UMopel va Tteplypadel pabnuatikd wg eEAc:
y = bo + b1x1 + bzXz + -+ bpxp + €

omou by elval o otabepog 6pog, by, ..., b, elval oL cuvteheoteq maAvbpoOuNonG KaL € eival To

odaApa.

Katd ) dadikaoia mpooappoyng tou povtelou (fitting), emblwkoupe va MpoodLoploOUE TIG TLHEC
TWV OUVTEAEOTWV £TOL WOTE N YPOUKLKY) CUVAPTNON va TPooeyyilel 660 To SuvaTov KOAUTEPA TLC
napatnpnoslc. H ouvnBéotepn péBoboc yia va emiteuxBel autd eival n pébodog twv ehayiotwv
tetpaywvwy (OLS = Ordinary Least Squares). Baouwkr tng Wbéa gival o mpoodloplopog tng subeiag
(otnv amAl moAwdpounon) n tou unepemunédou (otnv  TOAAOmAR  moAwdpduncn) Tou

MpocapuoleTal ota Ssbopéva e TETOLO TPOTO WOTE VA EAAXLOTOTOLEITAL TO CUVOALKO odAApa
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nipoPAedng. To oddApa autd petpletal wg n Stadopd PeTafy TWV MPOYUATIKWY TILWVY Y; KOL TWV
TWHWV TIou TIPOPAEMOVTAL J; KOL OUYKEKPLUEVO WG TO AOPOLOHA TWV TETPAYWVWY OUTWV TWV
Stadopwv. Turika, n OLS elaylotonolel To aBpolopa Twv TETpAYWVWY Twv opaipdtwy (SSE = Sum

of Squared Errors):
n
SSE= ) (i = 91’
i=1

OL mapapetpot by, ..., by, emAéyovtal £tol wote to SSE va AapPdavel tnv ehdyiotn duvarr tun. Ma
v opBotnta tng OLS, n Bewpla mpoPAcmel OtL Ba mpémel va LoYVOUV OPLOUEVEC TTPOUTIOBETEL
OTWG YPOUUIKOTNTA, avefaptnoila mapoatnproswv, otabepr SwokLuavon (ouookedaoTikOTNTA)
odaApudTwy Kal TéEAog Ta ohAApaTa Vo akoAouBoUv TNV KAVOVLKA Katavopr. Mo tov urtoAoylopd

TWV TWWV TWV CUVTEAEOTWV b TeALKAG AUveTal éva cUoTNUA EELOWOEWV.

Jtnv Python, n uAomoinon tn¢ ypauikng moAvdpopnaong eivatl wblaitepa amin xapn otn BLBAL0ONKN
scikit-learn, n omoia mapéxel tnv kKAaon LinearRegression kat xpnowlomnolel tig pebodoug fit() kat
predict(). H Stadikacia mephapBAaveL Tov oplopio Tou HOVIEAOU, TNV MPOCAPUOYH TOu ota dedopéva
ekTaibeuong Kal oTn CUVEXEL TNV TTapaywyn TiPoBAEPewy yia véa Sedopéva. EVAANQKTIKA, yLa pLo
TILO OTATLOTIKA TIPOCOVATOALOUEVN avaluaon, Omou svSlodépel OxL povo n mpoPAedn aAAd Kal n
OTATLOTIKN gpUNVela Twv ouvteleotwy (p-values, StaoctApata euniotoolvng, EAeyxol utoBEcewy),

urnopel va xpnotpomnotnBei n BLBAL0ON KN statsmodels.

5.5.2. AmAR ypappikr maAvdpounon
TNV 01K TeplMTWon Omou To HOoVTEAD TepAaUBAVEL pio LOVO EPUNVEUTIKA HETOPANT Kol pia
e€aptnuévn PeTaBAnTh, WAAUE yla amAn ypapuiky maAwvdpounon (simple linear regression). To

MoVTENO Tieplypadetal anod tnv eflocwon:
y = bo + blxl + &

omou b, eival o otaBepdg 6pog (intercept), b; o ouvteleotrig kAiong (slope) kat € to opdipa. O
ouvteleotig b;ekdpalel tn petaBolin tng e§aptnuevng LETaPANTAC ¥ yia KABe povada LetaBoAng

NG EPUNVEUTIKNG LETABANTAG X, YEYOVOG TTOU KABLOTA TO LOVTEAO LOLaitepa EUKOAO OTNV EPUNVELQ.

H ontikomoinon tn¢ amAng YPOUUKNAG TaAwvdpounong eival daueon Kat Stoodntikn, Kabwg
EUMAEKOVTAL HOVO SU0 HeTABANTEG KoL TO MOVIEAO Mmopel va avamopoaoctabel oe Slodldotato
KOPTECLAVO OUOTNUO ouvieTaypévwy. Ta &edopéva amelkovilovtal ouvnBws wg Slaypappa
Slaomopdg (scatter plot), evw n ektipunpévn euBeia maAvépopnong mpoaotibetal oto blo ypadpnua,

ETULTPEMOVTAG TNV OMTIKN afloAdynon Tng mpooapuoync. Xto mAaiolo tng avaiuong Sedopévwy pe
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tnv Python, epyaAeia 6nwc to matplotlib r) to seaborn dieukoAUvouv WSlaitepa avtr tn dtadikacia,
ETUTPEMOVTAG TNV TAUTOXPOVN Tapoucioon Twv deSopévwy Kal TG gubelag maAwvdpounong Ue

€AAXLOTO KWOLKAL.

To akolouBo mapadelypa deixvel tn Sladikaocia epappoyng TG amAnG YPAUUIKAG TTOAWVEpOUNoNG
oe ouvBetika Sedopéva, pe xpnon g PBBAlobnkng scikit-learn. O kwdkag mapouvoldletal os
TUAMOTA KWSLKA, TIOU AVTLOTOLXOUV OTa KEALA €VOG jupyter onuelwpatapiov pall e To amotEAEoua

NG EKTEAEONG KABE TUNUATOG.

Apxk@, otov kwdika K. 5.5.1 dnuioupyeital éva texvntd cuvolo Sedopévwy. Opiletal wg seed pla
OUYKEKPLUEVN TN (np.random.seed(42)) wote T AMOTEAECUATA VA UIMOPOUV va avarmapaxbouv.
JTn OoUVEXELR, KaTOooKeualetal €va Slavuopo Tlpwv x oto daotnua [0, 10] kal mapdyovtal ol

OVTIOTOLKEG TIUEG Y CUUDWVA LLE TN YPARLLLKT OXEoN:
y=3x+2+¢

OTou € elval évag texvntog BopuBog mou dnuloupyeital pe thv np.random.randn(). Me autd tov
TPOTIO TIPOCOMOLWVETAL £V OEVAPLO OTOU N TPAYUATIKN) Ox€on elval ypoapulkr, oAAAd ot

TIOPATN P OELG TIEPLEXOUV TUXOLEG ATIOKALOELC.
import numpy as np
import matplotlib. as plt

import sklearn

# Anuioupyla ocuvBetLrOV dedouévav

np. . (42)

n = 20

X = np. (O, 10, n)

y=3%*x + 2 + np. . (n)
plt. (2, V)

K. 5.5.1 — Anutoupyia cuvOetikwv dedousvwy Le npoodrkn SopuBou.

To Sudypappa Slacmopdg (scatter plot) mou gudaviletal otnv Ewova 20 emiPefalwvel OMTIKA TNV

OXE60OV YPOUULK TAOoN TV SeSOUEVWV.
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Ewkova 20 — Snueia tng evdeiag ypouunc y = 3x +2, ota onola €xeL mpootedel 9opuBog.

I6laitepn mpoooxn mpémnel va 600l otn popdn Twv dedopévwy eloddou mou Ba xpnotlponolnBouv
koBwg to scikit-learn amautel n ave€aptntn petapAntn va €xel popdn mivaka Svo Slactacewv
(Lopdn n X p), akoun KoL OTAV UTIAPYXEL pia POVO EPUNVEVUTIKA HETAPBANTH. Ma to Adyo autd otov
Kwdwka K. 5.5.2 ylvetal UETACXNMOTIONOG Twv OeSO0UEVWV TNG METABANTAC X amo Sldvuopa n
otolxeiwv os mivaka-otnAn, n x 1. Auto cupBaivel pe t xprion Tou X[:, np.newaxis], otn 6€on tou x.
To x[:, np.newaxis] onuaivel APn dAwv Twv oToLyeiwv Tou SLaVUCUATOS X KL T(PoaBnKn HLag VEOC
Seutepnc Sldotaonc. Afilel va onpelwdel OtL To 1810 amotéAeopa Ba eixe emiteuxBel pe xprion tng
£VTOANG np.vstack(x).T kaBwg kal pe tnv x.reshape(1, -1). Itov KWSIKA YIVETAL ELCOYWYN TNG KAAGNG
LinearRegression amd to umormakéto sklearn.linear_model kat &nuoupyesitol €va aviikeipevo
povtehou. H pebBodog fit() kaheital pe opioparta to x[:, np.newaxis] kaL To SLAvUCUA Y, UAOTIOLWVTOG
otnv npagn tn péBodo OLS. Me tov TPOTO AUTO UTIOAOYI{OVTAL OL EKTILACELG TWV TTAPAUETPWY b, Kot
b;, oL omoleg eloyiotomololv TO ABPOLoHO TETPAYWVWY TWV OPAAPATWY. TN OCUVEXELQ,
xpnotponoteital n uéBodog predict() yia tov UTOAOYLOUO TwV TIPOPBAETIOUEVWY TILWV ¥, WOTE va

oxedlaoTel n ypappun maAvdpounonc.

from sklearn. import LinearRegression

model = LinearRegression()
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model.fit(x[:, np.newaxis], y)

yfit = model.predict(x[:, np.newaxis])
plt.plot(xfit, yfit, color="black")
plt.plot(x, y, "o"

plt.show()

K. 5.5.2 — [Mpooapuoyn kat mpoBAsyn.

To anotéAeopa mapouataletal otnv Elkova 21.

30 -
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20

15 4

10 4

0 2 - 6 8 10

Ewkova 21 — Mpoyuun maAtvépounance.

T€Aocg, pe Tov Kwka K. 5.5.3 EKTUTIWVOVTAL OL TIHEG TWV TTAPAUETPWY TIOU £X0UV UTIOAOYLOTEL.

# EXTUDWOn ouvieAeoTdV TNG YPUUUAC ToALvdpdunonc
print ("lop&uetpol:", model.coef , model.intercept )
slope = model.coef [0]

intercept = model.intercept
print(f"y={slope:.2f}x + {intercept:.2f}")

K. 5.5.3 — EKTUNwon ouVTEAEOTWV TaAtvépounong.

To AIMOTEAECUATO TIOU EKTUTIWVOVTAL ElvaL:

Hapdpetpot: [2.81082696] 2.7745666335933983
y=2.81x + 2.77
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OLTIEG 2.81 Kkat 2.77 €lval KOVTA OTLG TLHEC 3 KaL 2 avTioTolya, oTo Yy = 3X+2, ToU XpnoLjonolnénkav
Kata tn dnuoupyia Twv apxlkwyv OeSopévwy, Xwpig thv mpooBnkn BopuBou, kal Seixvouv Tn

LKOVOTNTO TNG YPOLMLKAG TIAALVEONCNG VA aviXVEUEL TNV UTIAPXOU oA TAon ota SeSouéva eLoodou.

5.5.3. Tpoputkr maAvépounon e TIOANATIAEG EPUNVEUTIKEC LETAPBANTEC

‘Otav to HOVTEAO TIEpAAUPBAVEL TIEPLOCOTEPEG ATIO IOl EPUNVEUTIKEG UETABANTEC, TOTE UAAQUE yla
TOAAQUITAR VPO KN TtaAvEpopnan (multiple linear regression). Ztnv meplmtwaon autr, n e€aptnuévn
HeTOPANTH Y ekdpAleETal WG YPAUULKOG CUVOUAOHOG TIOMWY XAPAKTNPLOTIKWY X1, X3, -y Xp. TO

MOVTEAO YpAdETAL OTN YEVLKN TOU popdr wG:

y = bo + b1x1 + bzXz + -+ bpxp + g,

omnou by elvaw o otabepdg 6pog, by, ..., byol cuvieheotég maAwdpounong kot € To opdApa. Kabe
ouvteleotng ekdpalel tn petaBoln tng e€aptnUévNg LETAPANTAG OTAV N AVTIOTOLXN EPUNVEUTIKN
petaPANTA avdvetol KOTA pia povada, Slatnpwvtag TG umolouneg otabepéc. H ektipnon twv
TOPOUETPWY TIPOYHLOTOTOLEITOL HE TOV (610 akplPwg TPOMO ONMWG KoL OTNV OIAR  YPOULLKA
maAwdpopnaon, SnAadn péow tng peBOdou Ordinary Least Squares, n omola gAaxlotomolel To
aBpolopa TV TETpaywvwyV Twv opaipdtwy. H Baowkr Stadopd ykettal otn dopn Twv SeSopévwy:
Ol EPUNVEUTIKEG MeTAPANTEG Oev amoteholv mA€ov £€va amAo Slavuopa aAAd €vav Tivoka
Slaotdoswv m X p, érmou m gival to MANBoG Twv apatnprioewv (Selypdtwy) kat p to TMARBog Twv

XOPOKTNPLOTIKWV.

H ulomoinon tng moAAamARG YPAUUIKAG TaAwvdpounong pe tn BiBAlodnikn scikit-learn eivat
TLAVOLOLOTUTIN HE €Kelvn TNG amAng maAwdpounone. H kAdon LinearRegression &éxetal w¢ eicodo
€vav S1061A0TaTO TMivaKa XOPAKTNPLOTIKWY KoL €va SLAVUCHA OTOXO, EVW N Xprion Twv nebodwv fit()
kot predict() mapopévouv ot i8ieg. H eviaio autr) Siemadn kobilotd Wiaitepa eUkoAn tn petapaon

oo HOVTEAQ PIE EVal XAPAKTNPLOTIKO O OVTEAQ e TIOAAATIAEG peTaBANTEC.

Q¢ éva amAo MopASELYUA YPAUULKAC TTOALVOPOUNONG ME 2 EPUNVEUTLKEG HeTaPBANTEG Ba AuBel éva
MPOPAnUa ektipnong kdéotoug mou adopd SVo mpoidvta A kal B yla ta omoia elval yvwotég ol

okOAouBeg atieg Stadopwv cUVSUACUWY TTOCOTHTWY TOUG:

e 0 povadeg mpoidvrog A kat 0 povadec mpoidvtog B, £xouv afia 0 supw.

e 1 povada mpoiovrog A kal 1 povada mpoiovrog B, £xouv afia 500 supw.

e 2 povadeg mpoidvrog A kat 3 povadec mpoidvtog B, £xouv afia 1150 supw.
e 3 povadeg mpoiovroc A kat 2 povadeg mpoiodvtog B €xouv agia 1090 supw.
e 5 povadeg mpoiovrog A kal 6 povadeg mpoiovtog B €xouv afia 2250 supw.

382



‘Eotw OTL To {NTOUMEVO €lval pLa eKTinon yla Ty afia 4 povadwyv Tou mpoidvtog A kal 5 povadwv

TOU TtpoidvTog B.

O kwdwag K. 5.5.4 Sivel pwa Avon oto mpoBAnUa We T XPHON YPAUUIKAG TtaAvépopnong. Ta
SeSopéva opyavwvovTal O EVav TIVOKA EPUNVEUTIKWY PETABANTWY X OMOU KABE ypapun mePLEXEL
éva {evyog MOOOTATWY, KoL O€ €va Sldvuopa otoXo y Tou TEPAAUPAVEL TIG QVTIOTOLXEG TLUES
kootoug. Me tn Xxpnon tng predict([[4, 5]]) unoAoyiletal n exktipwpevn afia ywo 4 povadeg Tou
mpoiovtog A Kat 5 povadeg tou mpoiovrog B. H twun mou mpokumrtel (1891.05 supw) amotelel thv
MPOPAePn TOU ypapulkoU povtélou, dnAadn tnv KaAUTEPN YPOUULKN EKTILNCN TOU KOOTOUG ME

Bdon ta 60Bévta mapadelypata.

from sklearn. import LinearRegression

X
Yy

teo, o1, 1, 11, 2, 31, I3, 21, [5, 611
[0, 500, 1150, 1090, 2250]

model = LinearRegression ()

model. (X, v)

yfit = model. ([[4, 511)

print (f"lIpoRAemduevn afla {yfit[0]:.2f}") # IpoPAemdbuevn afia 1891.05
K. 5.5.4 — Evtomiouog mpoBAenouevng aéiac cuvSuaouoU mPoiovtwy UE YpauuLkn maAwvépounan.

5.5.4. TMoAuwvuuLkh maAlvépounon

Y& TIOAMEC TPOYHOTIKEC £DAPHOYEC, N OXEON HETALU TWV EPUNVEUTIKWV HETOPANTWY Kal TNC
g€aptnuévng LeTaPANTAC Sev Ummopel va TepLlypadel IKAVOTIOLNTIKA Ao £va atAO YPOAUULKO LOVTEAD
™G popdng y = ax + b. Otav ta dedopeva epdavifouv Kapmudotnta 1 1o cuvletn doun, éva
YPOLLLKO UTIOSELYUO EVOEXETOL VA TIOPOUCLATEL CUCTNUATIKA OPAALATA TIPOCAPUOYNG. Z€ TETOLES
TIEPUTTWOELG, Umopel va xpnotpomnotnBel n moAvwvupikn maAwdpounon (polynomial regression), n

omola EMITPEMEL TNV ELOAYWYI KN YPOUULKWY OpWV WG TIPOG TG LETABANTEC elodSou.

H Baown Wéa eival OTL, MOPOTL TO MOVIEAO TAPAUEVEL YPOUMLKO WG TPOC TG TIAPAUETPOUG,
nepAaBAVEL SUVAELG TWV EPUNVEUTIKWY HETABANTWY. Mo MapAadelypa, €va MOAUWVURO SEUTEPOU
BaBuou ypadetal wg:
y =ax?+bx +c,
£VW &va MOAUWVU O tpitou Babuol wc:
y=ax3+bx?+cx+d.

Me ouTOV ToV TPOTO, TO HOVTEAO OmokTd peyaAltepn guelifia kal umopel va mpooapuootel ot

KOUTTUAEG TAOELG TWV SES0UEVWY. INUAVTLKO £ival OTL N ekTipnon Twv MopopETpwyY e€okohouBel va
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yivetal pe tn péBodo twv EAayiotwv Tetpaywvwy, KaBwE To MPOPANUA TIAPAUEVEL YPOUULKO WG

T{POG TOUG CUVTEAEOTEC.

Jtnv Python, n ulomoinon tN¢ MOAVWVUMLKAG TtaAlvdpounong yivetal cuvnbwg oe SUo otadia.
APXLKQA, XPNOLUOTIOLEITOL O HETAOXNUOTIOUOG XOPAKTNPLOTIKWY HEOW TNG KAGonG PolynomialFeatures
ano to umonakeéto sklearn.preprocessing, o omolo¢ SnulOUPYEl QUTOUATA TOUG TTOAUWVUMLKOUC
6poug (mx. x2, x3, A kat ywopeva pHeTaBANTWV o€ MePiMTWon TMOANATAWY XAPAKTNPLOTIKWY). TN
OUVEXELD, £hapUOleTal £va KAAOLKO HOVTEAO YPAUULKAC TaAlvdpounong. H Swadikacia autn
ETUTPETEL TN LOVIEAOTIONON HUN YPAUULKWY OXECEWVY, SLOTNPWVTAC TAUTOXPOVA THV UTIOAOYLOTIKNA

amAoTNTA Kal tn BewpnTikA BACH TNC YPAUMLKAG TTAALVSPONONG.

Q¢ éva mopAdelypa Twv SuUVATOTATWY TNE MOAUWVUULKNAG ToAlvEpopnong Oa mapouclacTtel N
TipoapUoyn Tou propet va emiteuxBel ota dedopéva tou dataset Il and to Anscombe quartet. Mia
anelkovion twv dedopévwy Twv Anscombe datasets (I, 11, 11, IV) daivetal otnv Ekova 22, Ssixvovrag
OTL evw ta debopéva €xouv SLadopeTIKEG LOPPES, N amAn ypauuLky moAvdpopnon, Ba smiotpedet

v 6La ypappn maAvdpopnaong Kol oTLG TEGOEPLS TTEPUTTWOELG.
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Ewkova 22 — ALlopopeTIKEC LOPPEG SebouEVWY, aAdd (bLa ypauun maAvdpounong.
O kwdkag XXX deiyvel Tnv edappoyn TS MOAVWVUULKAC TtaAlvdpopnong oto dataset Il

import seaborn as sns

import numpy as np

import matplotlib.pyplot as plt

from sklearn./inear model import LinearRegression
from sklearn.preprocessing import PolynomialFeatures

# 1. db6ptwon xal emlAoyl Tou Dataset II

df = sns.load dataset("anscombe")
df ii = df[df["dataset"] == "II"]
X =df 1i[["x"]1] # EpunveutLxN PeTaPANT

% df ii["y"] # Efaptnuévn petoPAnti

# 2. MetooXnuatlopdg XOPAKINELOT LKOV (dnuioupyla tou x°2)

# KobBoplloupe 1o Pabud (degree) 2 via va ouumeplAdBoupe dpoug X Kol X2
poly features = PolynomialFeatures(degree=2, include bias=False)

# To fit transform dnuioupyel éva véo mivoaxoa pe 1TLG OTNAeg [x, xX72]

X poly = poly features.fit transform(X)

# 3. Eeopuoyn YPAUURLKAC ToALvVvdEdUNong OTO WETAOXNMUMAT LOPEVO I ivaka
# TMMoAuwvuu Lk maAlvdpdéunon: Y = a + bl*x + b2*x"2

model = LinearRegression()

model. 1t (X poly, V)

# 4. OmtLlkomoinon

# Anuiovpyia onuelov X plot yio ORAAN ypouun
X plot = np.linspace(X.min(), X.max(), 100).reshape(-1, 1)
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# Metaoxnpat lopdc twv onuelwv X plot pe touc (dL0UC HOAUWVURLKOUG Opoug

X plot poly = poly features.transform(X plot)

y poly pred = model.predict(X plot poly)

plt. figure(figsize=(8, 6))

plt.scatter(df ii["x"], df ii["y"], label="Aedouéva Dataset II",

color="darkblue™)
plt.plot(

X plot,

y _poly pred,

label="TloAUwVvUu LK oA lvopdunon (2o0u Babuow) ",

color="red",
linestyle="--",

)

plt.title("Anscombe's Quartet - Dataset II: IoAuwvuplxh HaAilvdpdéunon")

plt.xlabel ("X")

plt.ylabel("Y")

plt. legend()

plt.grid(True, linestyle=":", alpha=0.6)
plt.show()

K. 5.5.5 — [Mpooapuoyn moAvwvuulkic cuvaptnong Seutepou Baduou ota Sedouéva Anscombe Dataset 1.

To amotéAeopa TNG EKTEAEONC TOU opamavw Kwdika eival n Elkova 23.

Anscombe's Quartet - Dataset II: MoAvwvupikr MaAwspadunon
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Ewoéva 23 — lMoAvwvuuikn rtaAtvépounon twv dedouévwyv Anscombe Dataset Il.
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5.5.5. 'Eva peyoAUTEPO MOPASELY LA YPOLLULKAC TTAAVEpOUNoNG
210 onueio autd Ba mapouclaotel n ebappoyn TNC YPOUULKNAG TIRALVSpOUNONG og £va PeyaAlTepo
napadelypa. Oa xpnowlonoinBolv ta dedopéva tou Boston House Pricing mou umopoUv va

petadoptwbolv amo 1o https://lib.stat.cmu.edu/datasets/boston kot Ba eniyelpnBet n ektipnon g

aflag omTiwv pe BAon XapaAKTNPLOTIKA TOUG TIOU TIEPLEXOVTAL 0TO oUVoAo Sedopévwy. ElSIkOTEPQ,

Ta Brpata mou Ba akoAouBnBoulv Ba eival ta akoAouba:

1. Doptwon dedoUEVWY KAl LETAOXNLATIOMOG o€ dataframe pe 13 oTHAEG yLa TIG EPUNVEUTIKES
METABANTEG KAl 1 oTAAN Yo TNV e€apTnuévn LeTaBANTN (T omttou).

2. Awaxwplopog dedopévwy (506 detypdtwv) os 80% train kat 20% test.

3. Anuloupyia kol ekmaibeuon ToU HOVTEAOU YPAUULKAG TIAALVEPOUNONG 0To cUVOAO train Kal
EKTUTIWON TWV CUVTEAECTWY TTAALVSPONGNC TTOU TIPOKUTITOUV.

4. Edapuoyn tou povtélou ota deiypata mou €xouv dlatnpnBei oto test.

5. Anotiunon anddoong Ue TG HeTPLkEG MSE (Mean Square Error) kat RA2 (R-Squared).

6. Ektipnon tng yia éva "véo" omitl. Tuyypadn ocuvaptnong predict_price() mou déxeTal wg
oplopata To HOVTEAO YPOUMLKAG TTOAWVOPOUNGNG Kal éva **kwargs pe O0EG EPUNVEUTIKES
UETOPANTEG €XOUV YVWOTEC TIUEG.

7. Amotiunon anotedecpdatwy, 16€gg BeAtiwong.

To mapadelypa mapouctdletal oTtadlakd HE TUAMATA KWOIKA TTOU OVTLOTOLYOUV OTA KEALA €VOG
Jupyter onupewwpatapiou. Ito MPWTO TUAMO KwdKa, Tov Kwdika K. 5.5.6, mpayuartonoleital To BAua
1. KaBwg ta dedopéva bev elval amneuBeiag oe popdn mou va pnopet va xpnotuomnotnOei, Ba mpémnet

va iponynBel pa Stadikacia tonoBEtnong twv dedouévwy o€ éva dataframe.

# 1. ddptwon dedouévav
import numpy as np
import pandas as pd

url = "https://lib.stat.cmu.edu/datasets/boston"

raw = pd. (url, sep="\s+'", skiprows=22, header=None)

# Eviomiopdg €punveUT LKOV PETARANTOV Kol efoptnuévng petafAntig
data = np. (

[raw. [::2, :1, raw. [1::2, :2]]
) # 13 epunveutikég petaRAntéc
target = raw. [1::2, 2] # Aitdpeon oflia omLtLoU

# OvopoTa €pUNVEUT LKAV PeTABANTOV
feature names = [

"CRIM",

"ZN",

"INDUS",

"CHAS",

"NOX",

"RM",

"AGE",
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TDISY ,
"RAD",
AR
"PTRATIO",
g
"ILSTAT",

# Suvduoaoudc oe éva DataFrame yla €UkoAlo

df = pd. (data, columns=feature names)
df["MEDV'"] = target

K. 5.5.6 — Brjpo 1: @optwon Kat UETAOXNUATIOUOG SESOUEVWV.

To dataframe mou Snuioupyeital £xeL tnv popdn tng Elkova 24.

CRIM ZN INDUS CHAS NOX RM AGE DIS RAD TAX PTRATIO B LSTAT MEDV
0 0.00e32 18.0 231 0.0 0.538 6575 652 4.0900 1.0 296.0 153 396.90 498 24.0
1 002731 0.0 7.07 0.0 0469 6421 789 49671 2.0 2420 17.8 396.90 9.14 216
2 0.02729 00 7.07 0.0 0469 7185 61.1 49671 2.0 2420 17.8 392.83 403 347
3 0.03237 00 2.18 0.0 0458 6.998 458 6.0622 3.0 2220 18.7 394.63 2.94 334
4 006905 00 2.18 0.0 0458 7.147 542 6.0622 3.0 2220 18.7 396.90 533 36.2

Ewkova 24 — Ot mpwteg 5 eyypapéc tou dataframe UETH TO UETAOXNUATIOUO TWV SESOUEVWV.

210 BrAua 2 ta dedopéva xwpilovral os dedopéva ekmaibeuong kal oe Sedopéva EAEyXOU, WOTE TO
povtélo va ekmatdeleTal o €va urtooUVolo Sedopévwy Kal va aflohoyeital og éva SLopOopETIKO
umoouvolo, e€aodalilovtag Tn yevikeuor Tou Kal tnv anoduyn Tng ulepmpooappoyng (overfitting).

O kwdikacg K. 5.5.7 xpnowomnolei tn ouvdptnon train_test_split() yla va to emtixel auto.

# 2. Aloxwplopdg dedopuévav o oUVOAX eI {deuong xroal eAéyxou
from sklearn. import train test split

X df [feature names].

y = df["MEDV"] .

X train, X test, y train, y test = train test split(
X, y, test size=0.2, random state=42

)
K. 5.5.7 — Bripo 2: Ataywptouog o€ dedouéva ekmaibeuanc kat Sedousva eAEyxou.

210 BAuna 3 Snuloupyeital To HOVTEAO YPAUUIKAG TOAWVEpOUNoNG Kal yivetal n ekmaibsuon tou
Xpnoluomnolwvtag povo ta dedopéva train. O kwdikag K. 5.5.8 mpayuatonolel tnv mpocapuoyn Kat

eudavilel TOUG CUVTEAECTEG YLA TIG EPUNVEUTLKEG LETOPBANTEG.

# 3. Anuiloupyla poviéAou Yypouulkng noaAlvdpdunong, fit() ota dedopéva train
model = LinearRegression ()
model. (X train, y train)
# Epodvion OoUVIEAEOTOV TOU HOVTIEAOU
coeff table = pd. ({
"feature": feature names,
"Coefficient": model.
}
print("\nZuvteAeotéc poviédov:\n", coeff table)
K. 5.5.8 — Anutoupyia povtéAou maAwvdpounong.
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OL OUVTEAEOTEG TOU HOVTIEAOU YPOUMLKAG TIaAlvEpounong mou umoloyilovtal spdavilovtal otn

OUVEXELQL:

SUVTEAEOTEC PWOVIEAOU:
feature Coefficient

0 CRIM -0.113056
1 ZN 0.030110
2 INDUS 0.040381
3 CHAS 2.784438
4 NOX -17.202633
5 RM 4.438835
6 AGE -0.006296
7 DIS -1.447865
8 RAD 0.262430
9 TAX -0.010647
10 PTRATIO -0.915456
11 B 0.012351
12 LSTAT -0.508571

Y10 BAua 4 yivovtal mpoPAEPelg yia ta dedopéva tou cuvolou test. Autod cuppaivel KaAwvTag anid

™ néBodo predict(), dnwe paivetal otov kwdika K. 5.5.9.

# 4. Anuioupyla mpofAélenyv yLIa TOo OUVOAO gAéyxXou
y_pred = model. (X _test)
K. 5.5.9 — Anyin mpoBAEYewv yia 0Aa ta Sebougva tou ouvolou eAgyyou.

$10 Brpa 5 umohoyilovtat oL HETPLKES amddoong MSE kat R% To MSE (Mean Squared Error) givat to
UECO TETPAYWVLKO 0PAAUA, EVW CUXVA Xpnolpomoleital kot to RMSE mou elval n tetpaywvikn pila
Tou MSE. To R* ou ouyvd avadépetat we R squared givat o Aeydpevog GUVTEAEOTHC TPOGSLOPLOHOU
(coefficient of determination) kal ekdpalel moéon amno tn dtakvpavon tg e€aptnuévng LETaBANTNG
pmopel va e€nynBel amod TG ePUNVEUTIKEG METAPANTES. T tou R fon pe 1 onuaivel Télewa
napePPoAn, evw TN ion pe 0 onuaivel 6tL n mapepBoAn eival to (6lo KAAR HE TO va €xeL
xpnotuomnotnBet o pécog 6pog twv dedopévwy. O kwdikag K. 5.5.10 deixvel otL oL petplkég MSE kat

R LITOPOUV v UTIOAOYLOTOUV pE aAEC KAOELG GUVAPTAGEWY Tou sklearn.

# 5. Amotiunon tng amdédoong Tou HOVIEAOU
from sklearn. import mean squared error, r2 score

mse = mean squared error(y test, y pred)

r2 = r2 score(y test, y pred)

print ("Mean Squared Error:", round(mse, 2)) # Mean Squared Error: 24.29
print("R"2 Score:", round(r2, 2)) # R"2 Score: 0.67

K. 5.5.10 — Metpikég artodoong.

Oa MpEMEL va onUELWOEL OTL UTIAPXOUV Kol AANEG ETPLKECG TIOU XPNOLUOTIOLOUVTAL Yo TNV eKTiUnon
TOLOTNTOG MOVIEAWY YPAUUIKAG TOALWVEpOUnong. Oplopéveg amd auteg sival ol: F-statistic, BIC

(Bayesian Information Criterion) kat AIC (Akaike Information Criterion).
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1o BAua 6 emxelpeital n mPOPAePn TNG TIUAG Hlag véag eyypadng dedopévwy mou adopd €va
«VEO» OTITL yla TO omoio elval YVWOTEC oL TIHEC Twv 13 EPUNVEUTIKWY METABANTWVY TOU TO
nieplypadouv. O kwdikag K. 5.5.11 opilel tn cuvdaptnon predict_price() mou S€xetal wg oplopara to
UOVTEAD TOALVOPOUNONG KOL TG TWEC TWV EPUNVEUTIKWY UETOPANTWY yla €va VEO OTLYULOTUTIO

Sebopgvwv.

# 6. TMpoRALYn T LPOV
def predict price(model, **features):
feature names = [
"CRIM",
"ZN",
"INDUS",
"CHAS",
"NOX",
"RM",
"AGE",
TDIST ,
"RAD",
TIRAKY
"PTRATIO",
"B,
TLGTATY

X = np. ([[features. (name, 0) for name in feature names]])
price thousands = model. (x)[0]
return round(price thousands * 1000, 2)

pred = predict price(
model,
CRIM=0.05,
ZN=18.0,
INDUS=2.31,
CHAS=0,
NOX=0.54,
RM=6.8,
AGE=60.0,
DIS=4.0,
RAD=1,
TAX=296,
PTRATIO=15.3,
B=390.5,
LSTAT=5.0,

)

print (f"IpdRAeln tipnc: S{pred}") # HpdRAeyn tLunc: $30986.62
K. 5.5.11 — lNpoBAeyn tiurc véou omutio.

210 Bua 7 yivetal plo mpoomabsla amotipnong tng MoloTNTOC TWVY QMOTEAEOUATWY KAl TIWG TO
povtého Ba pmopouoe va PeAtiwBel. H T tou RA2 = 0.67, mou €xel umoAoylotel, Seiyvel pa
MOAOV  pETpla  SuvatotnTta TPOPAEYPNG yla TO MOVIEAO VYPOUMLKAG TaAvSpounong mou
avantuxbnke. Mia TuTiiki AloTta evepyeLwy TIOU UMOPEL va epaplooTel TpoKeLUEVOU va BeATLwOEL To

MovTéAO elval n akoAouBn:
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o Melétn edopévwy.

e Adaipeon f LETACXNUATIOUOG OKPALWY TILWV.

e  KAlpdkwon petapfAntwy (scaling).

e Edappoyn kavovikomoinong (regularization) Lasso ) Ridge.

e KaAUtepn afloldynon pe Cross-Validation.

e Aokl oxupotepwyv aAyopiBuwv AapBdavovrag umoyPn OTL Ta PN YPAUUIKA HOVIEAQ

Umopouv va neplypaPouv mMOAUTTAOKEG OXECELG.

MeA€tn Sedopévwv: Mehetwvtag ta dedopéva evromnilovral oplopéva poBAnuata ota dedopéva
Tou Boston House Pricing dataset. Apxilkd, éva onuavtikd mpoBAnua mou oxetiletal Le TNV NOWKN
XPNon tTwv aAyoplBuwv pnxavikng padnong sival otL ota SeSo0Uéva TEPLEXOVTAL W EPUNVEUTIKEG
petaPANTEG ou oxetilovral pe TNV afla Twv omitiwyv Sedopuéva Mou £XOUV VA KAVOUV LE TO TTOGOOTO
TWV paUpwv Katolkwv otnv meploxr. Autd B£tel éva onuavilikd Béua Slakploswv oe Papog
TUAUatog mMAnBuopoU Kal sival amoapadekto. And tnv aAn pepLd, n e€aptwpevn petaBAinty MEDV
petpatol oe xAadeg SoAhapla HNA aAld TipéC mavw amd 50.000 daivetal va £Xouv MEPLOPLOTEL
TeXVNTA otig 50.000. To amotéAeopa sival n petapfAntr MEDV va eival pla censored (Aoyokplpévn)
peTaBAnTh Kol autd va odnyel oe umoekTipnon Twy ya ta uPnAng afiag omita. Evag tpomog
OVTLUETWITLONG QUTAC TN Katdotaong eival va edpappootel kamolo Ao povtélo Tou va eivol
ovOeKTIKO o Aoyokpluéva SeSopéva Onwe ylo apadelypa eival to poviého tobit regression mou
uTtapyel oto statsmodels. Evag GAAo¢ amAog Tpomocg eival va amopidpBouv OAa ta Sslypata Pe TN
MEDV {on pe 50.000, aAAd autd Hewwvel to MEYEBOC Twv OSedopévwy TIOU HUMOPOUV va

xpnouomnotnBouv yla ekmaideuon Kalt yLa EAeyyo.

Adaipson | HETACKNUATIOHOG aKpaiwv Tiwv: H mapouoia akpaiwv Tywv (outliers) umopel va
eNMnpedoel ducavaloya TNV EKTLLNCN TWV TAPAUETPWY, LOLAITEPA O HOVIEAQ OTWG N YPAMULKA
naAwvépopnon mou Bacilovtal otnv ehaylotonoinon tou abpolopatog TeTpaywvwy opoApdtwy. H
Slepelivnon péow Saypappdtwy Slaomopdg, boxplots i pétpwv omwg to IQR Kol to z-score
ETUTPEMEL TOV EVIOMIOMO TETOLWV Ttapatnpnoswv. Avdloya pe tn ¢$Uon Toug, OL aKPAleC TLUEG
propoLv va adalpebolv (epooov mpokettal yla opdaipata kataypadnc), va HETACKNUOTIOTOUV
(m.x. AoyoplBulkOC HETACXNMOTIOMOG), | va TEPLOPLOTOUV HECW GAAWV TEXVIKWV. H emiloyn
OTPATNYLKAG TIPETEL Vol TeKUnplwvetal, kabwg n auvBaipetn Swaypadr Ssdopévwv pmopel va

OAAOLWOEL TN oTATLOTIKN Soun Tou Selypatog.

KAtpdkwon HetafAntwv: H KALLAKWON TwV €PUNVEUTIKWY MeTaPAntwv eival kpilown otav ta

XOPAKTNPLOTIKA HMETPWVTAL O SLOPOPETIKEG KALHOKEG 1} HovASeC, SLOTL UETAPBANTEG e HEYAAEC
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aplOUNTIKEG TLUEG pmopel va Kuplapyxnoouv otn Sladlkaoia ekmaibeuong. TeXVIKEC OMWG N
tunonoinon (standardization, petaoxnuatilonog oe péon Tun 0 kot Swaomopd 1) [ n
KOWVOVLKOTIOLNGN OE GUYKEKPLUEVO €UpoC TLHwVY (Ti.). [0,1]) e€aodaiilouv cuykpiolun cuuPfoAin Twv

XOPAKTNPLOTIKWV.

Edappoyn kavovikomoinong Lasso r Ridge: H kavovikomoinon elodyel €vav Opo TOWAG OTh
OUVAPTNON KOOTOUG HE OTOXO TOV TIEPLOPLOUO TOU HEYEBOUC TWV CUVIEAECTWV KOl TN pelwon g
uneprnpooappoyng. H Ridge (L2) mown cupplkvwvel OHAAG TOUG CUVTEAEOTEG, evw N Lasso (L1)
propel va undevioel oplopéVouC amod autouc, EMITEAWVTAS TAUTOXPOVA KAl ETUAOYH EPUNVEUTIKWY
MeTaBANTWY. e TPOPANUATO PE HEYAAO OplOUO UETABANTWY, OL TEXVIKEG QUTEC PEATLWVOUV ThV

anodoaon Tou LOVIEAOU.

KaAUtepn afloAdynon pe Cross-Validation: H afloAoynon pe pla povo diwdomacn oe cUVOAO
ekmaidevuong kal eAéyyou Umopel va odnyrnoetl os aoctadn ektipnon tg amodoong. H texvikA TG
Slaotaupolpevng emikupwong (k-fold cross-validation) emovalapfdavel tnv ekmaidevon Kal
aflohoynon oe TOANATIAEG SLadOPETIKEC SLAOTIACELG TWV SESOUEVWY, TTAPEXOVTAG LA TILO a€LOTILOTN

£KTIHNON TNG AVOUEVOUEVNG amodoonc os véa SeSopéval.

Aok LoXupotepwv alyopiBpwv: EAv éva ypoppKO HOVIEAO OmMOSEIKVUETAL QVETAPKEG YLOL TNV
anmotUTIWoN TNG OXEONG UETAEY EPUNVEVUTIKWY UETABANTWV Kol e€apTnUEVNG LETABANTAC, UITOPEL va
g€etaotel N XpAon Un yPAUULKWV alyopiBuwyv, onwg Sévipa amodpdcswy, tuxaia Sdaon (random
forests) A péBodol evioyuong (boosting). Ta povtéda autd £xouv T duvatdtnta va cuAAoppfdavouv
TOAUTIAOKEC AAANAETILOPACELG KOL UN YPAUULIKOTNTEG, UE TO KOOTOC QUENUEVNCG UTTOAOYLOTLKAG

TIOAUTIAOKOTNTOC KOl EVOEXOUEVWE LELWHUEVNG EPUNVEUCLUOTNTOC.

KO[TF]VOQLOTKOU]OI’]
H katnyoplomoinon n aAAwg taflvopnon amotelel OepeAlwdeg mpoPAnua tng emiPAemopevng
pabnong, oto omoio otoxog eival n avabeon oG mapatipnong oe pla amd éva olvolo
npokaBoplopévwy  Katnyoplwv. Aedopévou evog ouvolou xapaktnplotikwyv (features) mou
neplypadouv kdbe Selypa KAl EVOG LOTOPLKOU OUVOAOU SeSOUEVWY HE YVWOTEG eTIKETEG (labels),
KOTAOKEVUALETOL VAl LOVTEAO TO OTOL0 paBaivel TN oxéon PETAEY XOPOKTNPLOTIKWY KAl KOTnyopiag.
To ekmalSeUpUévo HOVTEAO Hmopel OTn CUVEXElM va xpnotldorolnBel yiwa tnv mpoéPAsdn g
Katnyoplag véwv, dyvwotwyv dedopévwy. H taflvounon edappoletal o mAnbwpa nediwv, 6nwe n
avayvwplon mpotumnwy, n aviyveuon avemBuuntng allnAoypadiog (spam detection), oL LATPIKEG

SLOYVWOELG N TILOTOANTITIKEG OELOAOYIOELS K.OL.
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OL aAyoplBuol mou mpaypaTomnolouv Katnyoplomoinon ovopalovtal katnyoplonolntég (classifiers)
N tafvountég kat n BLBA0ONAkn scikit-learn mapéxel mMAnBwpa classifiers. EvoelkTikd avadépetat
ebw oOtl SiatiBevral ypapuikd povtéda onwg n LogisticRegression, péBodol Baolopéveg oe
anootaocelg onwc o KNeighborsClassifier, povtéAa peylotomnoinong neplBwpiouv onwg o SVC (Support
Vector Classifier), kaBwg kat Sévipa anddaong (DecisionTreeClassifier) kot péBodol cuVOAWV OTwWG
ol RandomForestClassifier, ExtraTreesClassifier kat GradientBoostingClassifier. OAloL autol ot
TaELVOUNTEG akoAoUB0oUV KoLvH TTPOoYpOUUATIOTIKN Slemadn mapexovtag TG pebodouc fit(), predict(),
koL predict_proba() omou umootnpiletal, emTpénoviag TtV €UKOAN oUyKkpLon SLadopETIKWY

TEXVLKWV KaL TNV €TIAOYI TOU KATAAANAOTEPOU LOVTEAOU yLa TO KAOE MPOBANUaL.

5.6.1. Katnyoplomoinon Naive Bayes

O aAyoplBuoc Naive Bayes amoteAei €évav amo Toug amAoUOTEPOUG KOl TOXUTEPOUC aAyopiBuoug
Katnyoplomoinonc. H amoteAeopatikotnTa Tou odeiletal oe SU0 BACLKA oTOLXELQ: oTNV aflomoinon
TOU Bewpruatog Tou Bayes Kol TNV armAOTOLNTLKA UTTOBECN OTL Ol EPUNVEUTIKEG METABANTEG elval
UTtO ouvenkn avegaptnteg HeTtafl Toucg, SedOUEVNG TNG ETIKETAC TNG KAAONG. Mapdtl n umoBeon
oUTA OTMAvia LoXUEL QuoTnpd otnv TPAagn, o aAyOpLOHOG OCUXVA ETITUYXAVEL EEQLPETIKA

anoteAéopara, Wdlaitepa o mpoBAfuata uPnAng Stdotaong, OMwG N AvaAuaon KELLEVOU.

H Baown 6éa fekiva amo tnv mapatnpnon otL, amd ta dsdopéva ekmaidsuong, UMOpPoUUE vo
EKTIHAOOUUE yla KABs mBavr etkéta L tnv mBavotnta eudAVIONG OCUYKEKPLUEVWVY
XOPOKTNPLOTIKWY, O6nAadny tnv mooodtnta P(features | L), kaBwg katL Tnv €K TwvV TPOTEPWV
muBavoétnta tng kKAdong P(L). Qotooco, oto mpoBAnua mpoPAePng autd mou emtBupolpe eival n
avtiotpodn mBavotnta, SnAadn n mBavotnta n €TKETA va eivat L,  Oebopévwv Twv

XOPAKTNPLOTIKWY EVOC VEOU Selylatog:

P(L | features)

To Bswpnpa Tou Bayes MapEXeL AKPLBWE AUTOV TOV ETOOYNLATLOUO:

P(features | L) P(L)

P(L | features) = P(features)

ItnVv mpagn, yLa okomoug katnyoplonoinong, o mapovopaotng P(features) ivat Kowog yla OAeg TG
KaTnyoplieg kaL ouvenwg Sev emnpedlel tn ouykplon. Etot, yia dUo katnyopies Ly kat L,, n anddaon

Baoiletal otn oUyKPLON TWV TTOCOTNTWV:
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P(features | Ly )P(L,) kau P(features | L,)P(L;)

To véo Seiypa taflvopeital otnv Katnyopia mMou UEYLOTOMOLEL TNV MAPOMAVW TTOCOTNTA (Kavovag

UEYLOTNC €K TWV LOTEPWV TiBavotnTag — Maximum A Posteriori, MAP).

H «naive» umoBeon avefoptnolag amAoOmolel ONUOVIIKA TOV UTIOAOYLOMO TG mbavotntag
P(features | L), kaBwg emtpénel va ekppactel wg ywopevo empepous mibavotitwy KdaBe

XOPAKTNPLOTIKOU:

p
P(xq, %3, 0, %p | L) = HP(xj | L).
j=1

AUTO pelwvel SpAOTIKA TNV UTIOAOYLOTIKY TTOAUTIAOKOTNTO Kal KoBlotd tov alyoplbuo wdilaitepa

aOSOTIKO AKOUN KAl O PEYAAQ GUVOAO SESOUEVWV.

H PBuBAoBnkn scikit-learn moapéxel Siadopetikéc mapaArlayéc tou Naive Bayes (Gaussian,
Multinomial, Bernoulli) avdloya pe tn dpuon twv Sedopévwv. Mapd tnv amAotntd tou, o Naive
Bayes amoteAel oxupd epyoalelo KATNyoplomoinong KoL CUXVA AELTOUPYEL WC OTMOTEAECUATIKO

baseline povtého og mpofARpATA UNXAVIKAG LABnonc.

5.6.1.1 lapdadetyua spapuoyrc tnc katnyoptontoinon¢ Naive Bayes oe ouvietika dedouéva

JTOo TapAdEelypol TOU TaPoUcLaleTal otnv mapoloa mopaypoado Snuioupyouvial CUVOETIKA
Oebopéva TIPOKELUEVOU OTN CUVEXELXL val KatnyoplomolnBouv. O kwdlkag tou mapadelypatog
avtiotolyel oe KeALd evog Jupyter onpelwpatapiov ta onoia Ba mapouolacTouv Brpa mPog Brua

yla Ta akoAdouBa Bripata:

1. Anuoupyia 1200 tuxaiwv delypdtwyv pe SUo xapaktnplotika (features) yia kaBe Seiypa.
KaBe Selypa Ba €xet pia eTikéto ou Ba mpoadlopilel tnv KaTtnyopia otnv omoia avikel. Ot
Tubaveg katnyopieg Ba eivat tpetg (0, 1 kat 2).

2. Awaywplopdg twy dedopévwy oe dedopéva ekmaidevong (70%) kal oe Sedouéva eAéyyou
(30%).

3. Anuloupyla evog katnyoplomolntr) GaussianNB kol mpooappoyr] tou ota Sedopéva
eknaidevong.

4. YmoAolopog tTng opBOTNTAC EVTOTIOUOU TG Katnyoplag otnv omola avhkel kaBéva amo ta

Selypato tou ouvolou eléyyou.
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To BARua 1 vhomoleital pe tov kwdka K. 5.6.1. e auto To BAUA Snuloupyeital Eva GUVBETIKO
ouvoho Sebopévwv pe TN ocuvaptnon make_blobs, to omoio mepthapBavel 1200 Seiypara, Svo
APLOUNTIKA XOPAKTNPLOTIKA ava Selypa Kal TPl SLoKPLTEC Katnyopleg. H mapapetpog cluster std
koBopilel tn Oloomopd TWV OUCTAdWY, evw n TOPAUeTpog random_state efaodalilel
oVaTIOPOYWYLUOTNTA. 2Tn ouveéxela, ta Sedopéva amelkovilovtal oe Slodldotato Sldypappa

Sloomopdg, 0mou KABe katnyopia epdaviletal pe SLopOPETIKO XpWHAL.

# 1. Anploupyla ouvOeTLRKOV dedopuévav: 2 XUPAKINPELOTLKE, 3 €TLkéTEC
import numpy as np

import matplotlib.pyplot as plt

from sklearn.datasets import make blobs

X, y = make blobs(

n_samples=1200, n features=2, centers=3, random state=42,
cluster std=2.9
)
colors = np.array(["red", "blue", "green"])
plt.scatter(X[:, 0], X[:, 1], c=colors[y], s=50)
for label, ¢ in enumerate(colors):

ratter([1, [1, c=c, label=str(label))

K. 5.6.1 — Anutoupyia ue make_blobs() kot ontikomoinon cuvOeTikwv SeSouEvwy.

H ektéAeon tou mapandavw kKwdika Ba epdaviost to ypadnpa tng Etkdva 25.

T T T T T T
-15 —10 =5 0 3 10

Ewkova 25 — Omttikoroinon ouvIeTikwv SESOUEVWVY KAl TWV KATNYOPLWVY TOUG.

To BAua 2 vAomoleital pe tov Kwdika K. 5.6.2. 3to PrApa auto ta dedopéva xwpilovtal oe clvolo

ekmaideuong kot oUVoAo eAEyXou e Xpron TnG cuvaptnong train_test_split. To 70% twv 6edopévwv
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XPNOLLOTIOLELTOL YL TNV ekmaibeuon Tou povtéAou Kal To urtdAouto 30% yia tnv afloAoynon tou. H

TapAapeTpog random_state StaopaAilel OtL o Staxwplopog Ba sival o 1610 og kABe ektéAean.

# 2. Altaxwplopdc dedouévev: 70% training, 30% testing
from sklearn. import train test split

X train, X test, y train, y test = train test split(
X, y, test size=0.3, random state=42

)
K. 5.6.2 — Ataywptouog Sebouévwy o€ auvodo ekmaibevong kat eAéyxou (70%—30%).

To BApa 3 uvlormoleital pe tov kwdika K. 5.6.3. Ito BrApa autd dnuloupyeital éva OVTLKELLEVO
KaTnyoplomolntr Tumou GaussianNB, to omolo uhomolel Tov aAyoplBuo Naive Bayes. Me tnv KAnon
™¢ pebdodou fit(), to poviéAo umoloyllel TG MOPOAUETPOUC TOU HOVIEAOU amod ta Sedopéva

eknaidevonc.

# 3. Anuploupyla evdég katnyoplomolnth) Gaussian Naive Bayes

from sklearn. import GaussianNB
model = GaussianNB()
model. (X train, y train) # exnmaidevon ota dedouéva train

K. 5.6.3 — Ektaibeuan katnyoptlonownt Gaussian Naive Bayes.

To BAua 4 vlomoleital pe tov kwdlka K. 5.6.4. 310 PBAMA AUTO TO EKMALOEUMEVO HOVTEAO
XPNOLUOTIOLELTOL YA TNV TIPOPAEYPN TWV KATNYOPLWV TWV SEYUATWY TOU cUVOAOU eAEyXOU PECW TNG
ueBobou predict(). 2Tn cuvéxela, n cuvaptnon accuracy_score() umtoAoyleL TO TOCOOTO TWV CWOTWV
nipoBAEPewy eni Tou cuvoAou Twv SelypdTtwy test, mapéxoviag Eva Bactko HETPO afloAdynaong tng

oano80o0ng TOU KATNYOPLOTOLNTH.

# 4. Ymodoyloupdg opbdtntag (accuracy) mnpoRréfewv ota dedopéva test
from sklearn. import accuracy score

y_pred = model. (X test)

accuracy = accuracy score(y test, y pred)

print (f"Accuracy: {accuracy:.4f}") # Accuracy: 0.9722
K. 5.6.4 — AéloAoynon anodoong Ue UTOAOYLOUO accuracy oto oUVOAO eAEyxou.

5.6.2. METPIKEG yLa TPOPANATA KOTNYopLlomoinong

Yta mpoBARpaTa Katnyoplomoinong, n afloAdynon €vog poviélou Oev meplopiletal amAwg oOTo
TIOCOOTO CWOoTWV TPoPAEPEWY, Al amattel Tn Xprion KATGAANAWY LETPLKWV TIOU QTIOTUTIWVOUV [LE
peyaAUtepn akpifela tn oupnepldpopd Tou HoviéAoU. H amAouotepn METPLKA €lval n accuracy
(opBoTNTA), SNAdA TO MOCOOTO TWV CWOTA TALWVOUNUEVWY SELYUATWY EML TOU GUVOAOU. QOTO0O, N
opBotNTa pmopel va eival MopamAavnTLKY), OTMWC OE TIEPUTTWOELG N-LOOPPOTINUEVWY SESOUEVWV

(imbalanced datasets), 6mou pia Katnyopia UTEPLOYXUEL ONUOVTLKA TNG GAANG.
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Baolkd poAo yla TNV EKTIUNON TWV OMOTEAECUATWY €VOG UOVIEAOU €XEL O TvaKOG oUyXuong
(confusion matrix), o omolog kataypddel avaAutikd TI§ POoPAEPELS TOU povTélou. ESIKA yla tnhv
nepintwon duadlkng katnyoplomoinong (katnyoplomoinong Ke 2 katnyopieg-kKAAoeLg) Stakpivovral

TECOEPLG BOCLKEG TTOOOTNTEG:

e True Positives (TP): Betika Seiypata ou Taflvoundnkav cwotd wg BeTIKA,

e True Negatives (TN): apvntikd deiyparta mou taflvoundnkav cwotd we apvnTiKa,

e False Positives (FP): apvntika dsiypata mou tafivopundnkav eodpaipéva we BeTikd (opaipa
tumou |),

e False Negatives (FN): Betika OSelypata mou taflvounbnkav eodoApéva wg apvnTKA

(odaApa tomou ).

MNna mapadelypa, o €va cLOTNUA avixveuong avermBuuntng aAAnloypadiag (spam detection), éva
KOWVOVLKO UAVUMO TIOU emlonpaivetol wg spam amoteAel False Positive, evw éva spam privupa mou
xapaktnplletal wg kavoviko amoteAel False Negative. H Stdkplon autn sivat kpiowun, S10tL ta vo
elbn odboApdtwy evdéxetal va €xouv SladopeTikd onuacia avaloya e TNV TEpLMTwON

npoBAfuartoc.

Me Baon tic moootnteg TP, TN, FP kot FN opilovtal OnUOVTLIKEG LETPLKEC OTIWG:

e Precision: TP/(TP 4 FP), mou petpd ndoo aflomioteg eival oL BeTIkEG TTPOPAEYELC.

e Recall (A Sensitivity): TP/(TP + FN), mou HeTpA TNV LKOWOTNTA TOU LOVIEAOU VOl EVTOTILEL TA
TPAYMOTIKA BeTIKA Selypata.

e F-score: 0 QplOVLKOG LETOG precision kal recall.

e Fl-score: 101K nepinmtwon tou F-score pe ton Baputnta oe precision kat recall.

H ermdoyn tng KAat@AANANG UeTPLKNG e€aptdtal and to mpoPAnua. e ebpapuoyeg omou éva False
Positive €xeL uPNAOG KOoTOC (T.X. amoppuPn €ykupou email), To precision eival WLaitepa GNUAVTLKO.
AvtiBeta, yla mapAaSelypa og LATPLKEG SLAYVWOELG, OTIOU N ATOTUXiOl EVIOMLOMOU [Lag vOoou eivat

Kpilowun, mpotepatotnta Sivetal oto recall.

ErutAéov, Otav T0 LOVTEAD eMLOTPEDEL TUOAVOTNTEG KA OXL LOVO TEALKEG ETIKETEC, XPNOLLOMOLOUVTAL
kounUAeg ROC (Receiver Operating Characteristic) kat n petpikry AUC (Area Under the Curve). H
ROC kaumuAn amelkovilel Tn ox€on LETALL Tou TocooTtol aAnbwv Betikwv (True Positive Rate) kat
Tou mooootoU Peudwv Betikwy (False Positive Rate) yla Stadopetika katwdAla anodaons. ‘Oco

peyaAUtepn elval n emiddavela KATw amo tnv KapnuAn (AUC), téoo kaAUtepn Bewpeital n SlakpLtikn
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LKaVOTNTA Tou povtédou. T AUC ion pe 1 umodnAwvel TéAelo Katnyoplomolntr, evw Tt 0.5

avtlotolyel og Tuyaia emhoyn.

Téhog, o0 TUOAVOTIKA HOVIEAQ XPNOLWOTOLOUVTIOL KOl HETPIKEG OMWC n  cross-entropy
(draotavpoupevn evipormia), n omoia aflohoyei TNV AMOKALON UETAEY TWV MPOYHOTIKWY ETIKETWV
KoL TwV TIPoBAenopevwY MBavotATwy. H HETPpLKA autr glval laitepo oNUAVTIKY O€ LOVTEAD OTIWG
N AoyLoTIKA TIAALVSPOUNON KaL Ta VEUPWVLKA SiKTua, OTI0U N molotnta tn¢ mbavotntag ival e€loou

ONUOVTLKA HE TN owoTh TeAKN Taflvounon.

5.6.3. Katnyoptlomoinon tou Iris dataset pe to GaussianNB
Q¢ éva akopa mopadelypa edappoyng tou koatnyoplomointr Naive Bayes Ba mapouclootel n
edappoyn Tou oto Iris dataset mou nmapouvcidotnke otnv evotnta 5.3.1.2. 110 mapadelypa auto Ba

akoAouBnBoulv ta €€n¢ Brparta:

1. ®optwon tou Iris dataset amo to scikit-learn kat eMOKOMNON TWV SELYUATWY TTOU TIEPLEXEL.

2. Alwaywplopdcg twv Selypdtwy oe training set kal testing set xpnolpomnolwvtag tn péBodo
train_test_split() £toL wote O training set va eivat 80% twv OUVOAIKWYV SEGOUEVWV E
mapAdAAnAn xprion tou random_state=0 yla emavaAnuotnta.

3. Eknaideuon tou GaussianNB oto training set kot mpoPAedn TIKETWY yLa To testing set.

4. Ymoloylopog Kal ekTUTIwon SladOpwv LETPLKWVY TOU LOVTEAOU:

e confusion matrix kal oxediaor] Tou pe To seaborn
e accuracy

e precision

o recall

e Fl-score

To mapddelypo mMAPOUCLAZETAL OTASLAKA HE TUAMATO KWOLKA TIOU OAVTLOTOLXOUV OTa KEALA EVOG
Jupyter onuewwpatapiov. 2to mpwto Brjua, otov kwdika K. 5.6.5, mpaypatomnoleital n ¢optwon Tou
dataset Iris and t BPA0ONRKN scikit-learn. H ouvdptnon load_iris(as_frame=True) emiotpédel ta
Sebopéva oe popdn pandas DataFrame, yeyovdg ou SLEUKOAUVEL TNV ETLOKOTINGN KAL TOV XELPLOUO
TouG. To avTIKE(EVO iris MEPAAUPBAVEL TOCO TA XAPAKTNPLOTIKA (UKOG Kol TAATOG CEMAAOU Kal
TMétahou) 600 Kol TNV Katnyopia kaBe delypatog. Me tnv evioAn iris.frame &nuloupyeital Eva eviaio
DataFrame mou mepléxel OAeg ¢ HeTaBANTEG, evw n head() emutpénel TNV MPoBoAn Twv MPWTWV

VPOULWY, WOTE va Yivel katavonth n Soun twv SeSopévwy Kot N Lopdr TwV KOTNyopLWV-CTOXWV.

# 1. dd6ptwon tou dataset
from sklearn. import load iris
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iris = load iris(as_frame=True)
df = iris.

print (df. ())

K. 5.6.5 — ®éptwon tou Iris dataset.

To dataframe mou poptwvetal ExeL TNV akoAoudn popdn:

sepal length (em) sepal width (cm) petal length (em) petal width (ecm) target

0 5.1 35 14 0.2 0
1 49 3.0 1.4 0.2 0
2 4.7 32 1.3 0.2 0
3 4.6 3.1 1.5 0.2 0
4 5.0 36 1.4 0.2 0

210 BAua 2, otov Kwdika K. 5.6.6, mpaypatomnoleital o Sloaxwplopog Twv Sedopévwv e oUVoOAo
ekmaidevong (training set) kaL cUvolo eAéyyou (testing set). Ta xapaKTNELOTIKA amoBnkevovTtal oth
petofANTA X, &VW Ol ETIKETEG-OTOXOL oOtn MetaPfAnt) y. H ouvaptnon train_test split()
XPNOLJOoTIOLE(TAL Yia ToV Tuxaio dtaxwplopd twv Sedopévwy, opilovtag test_size=0.2, wote to 20%
Twv Selypdtwv va xpnotporotnBei yia aflohdynon kat to umoloumo 80% yia ekmaibeuon. H
mapAauetpo¢ random_state=0 SwaodpoAilel OtL o Slaxwplopog Ba  elval  avamopaywylpog,

ETUTPEMOVTAG TNV EMAVAANY N TWV 8LWV ANMOTEAECUATWY O LEANOVTIKEG EKTEAECELC TOU KWOLKAL.

# 2. Alaxwploupdbg oe training xoal testing (80%-20%)

from sklearn. import train test split
X = iris.
y = iris.

X train, X test, y train, y test = train test split(X, y, test size=0.2,
random_ state=0)
K. 5.6.6 — Atoaywptloudg Iris dataset oe training kot testing oUvoAa.

210 PrAua 3, otov Kwdka K. 5.6.7, ekmaldevetal o katnyoplomolntrg Gaussian Naive Bayes oto
ouvolo ekmaibeuong. Anploupyeital éva aviikeipevo GaussianNB, To omoio ulomolel Tnv ekdoxn
tou Naive Bayes 1ou UTTOBETEL OTL TA XOPOAKTNPLOTIKA akOAOUBOUV KAVOVLKN KATAVOUN HEoO 0 KABE
katnyopia. Me tnv kAnon tng pebadou fit(X_train, y_train) To povtélo umoAoyilel TIG MAPAUETPOUC
TWV KATOVORWV (H€OOUC Kal SLAKUUAVOELS) yla KABe YOPOKTNPLOTIKO Kal yla KAaBe kAdon. Xtn
OUVEXELD, PEe TN HEBobo predict(X_test) mapdyovtal ot mpoPAéPelg yia ta Seiypata tou testing set,

SnAadn oL EKTILWUEVEG KOTNYOPLEC TWV AyVWOTWY SELYUATWV.

# 3a. Exnoideuon tou Gaussian Naive Bayes oto training set

from sklearn. import GaussianNB
model = GaussianNB()
model. (X train, y train)

# 3R.IpoPRAéYelc oto testing set
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y_pred = model. (X test)
K. 5.6.7 — Ektaibeuaon tou Naive Bayes ko Anyn mpoBAEPewv.

210 BAua 4, otov kwdika K. 5.6.8, afloloysital n anddoon Tou povtédou pe tn xpnon Sladopwv
METPLKWV Katnyoplomoinong. Apxlkd umoAoyiletal o Tivakag oUyXuong, O OmoloG QOTUTIWVEL
OVOAUTIKA TIG OWOTEG Kal AavBaouéveg mpoPAEPelg yla kaBe katnyopia. H omtikomoinor tou pe
heatmap péow tng BLBALOBNKNG seaborn, omwg daivetal otnv Ewkova 26, EeMTPENEL TNV €UKOAN
KOTAVONGON TNG KATOVOUNAG TWV oPaApdtwy. ITtn ouvéxela umoloyilovtal ol LETPLKEG accuracy,
precision, recall kal F1-score pe xprion tng emloyng average="macro", n omnoia unoAoyileL Tov p£co
OpO TWV METPIKWV yla KaBe katnyopia xwpic otdbuion wg mpo¢ to mMANBo¢ twv Selypdtwv. Ta
amoteAéopata Seixvouv uPnAn opBotnta (accuracy = 0.97), yeyovog mou UTOSNAWVEL OTL TO
HOVTEAD TaflVvoUEL owoTa TN HeyaAn MAslovOTNTA TwV SelypdTtwy Tou Iris dataset. OL uPNAEG TIUEG
precision kat recall emiBefalwvouv 6tL 0 Gaussian Naive Bayes amodiSeL IKOVOTIOLNTIKA KAL OTLG TPELG

Katnyopieg Tou mpoPAnpatoc.

# 4. YonoloylLopdg kol e€KTUNOON UETPLKOV
from sklearn. import (
confusion matrix,
accuracy score,
precision_ score,
recall score,
fl score,

cm = confusion matrix(y test, y pred)
# Ixedloon Heatmap pe 1o seaborn

import matplotlib. as plt
import seaborn as sns

plt. (figsize=(6, 5))
sns. (
cm,
annot=True,
fmt="d",
cmap="Blues",
xticklabels=iris. 7
yticklabels=iris. 7
)
plt. ("Predicted label™)
plt. ("True label")
plt. ("Confusion Matrix (GaussianNB)")
plt. ()
acc = accuracy score(y test, y pred)
prec = precision score(y test, y pred, average="macro'")
rec = recall score(y test, y pred, average="macro"
fl = f1 score(y test, y pred, average="macro"
print (f"\nAccuracy: {acc:.2f}") # Accuracy: 0.97
print(f"Precision: {prec:.2f}") # Precision: 0.98
print(f"Recall: {rec:.2f}") # Recall: 0.94
print(f"Fl-score: {fl:.2f}") # Fl-score: 0.96

K. 5.6.8 — Metpikéc ammodoaonc tou povtedou.
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Confusion Matrix (GaussianNB)
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Ewkova 26 — Mivakag auyxuong oxedlaouévog ue tn BiBAodnkn seaborn.

5.6.4. ANl aAyoplBpoL katnyoplomoinong

Onwc nén avadépbnke umdpyxouv moAloi oAydplBuol Katnyoplomoinong. Xtn ouvéxelwa Oa
TMIAPOUCLACTOUV €V CUVTOMLA TECOEPLS TETOlOL oAyoplOuoL: ta Sévdpa amodAacewyv, n AOYLOTIKA
naAwvépopncon, o oAyoplOpoc twv K-MANCLECTEPWY VYELTOVWY KAl OL HNXOVEC UTOOTAPLENC

Slovuopdtwy.

5.6.4.1 Aévtpa amopaocswy

Ta &évipa oamoddocswv (Decision Trees) amotehoUv évav Slaitepa Snuodrp alyoplBuo
emPAenopevng nabnong, o omoiog xpnolpomnoleital Tooo yla mpofAnpata Katnyoplomnoinong 6co
Kol yto tpoBARpata maAvdpounong. H Baoikr) tou éa eival n dtadoxikr) SLacmoon Tou XWPou Twv
Sebopévwy og umooUVoAQ, He BAon TWEG XAPAKTNPLOTIKWY, WOTE vo mapaxOei pa tepopytkn Soun
AUng anodpdceswv. Kabe anddoon Aappavetal LEow eVOC EPWTAHATOC TNE HOPDNEG «av—TOTEY, TO
omnolo odnyel oe Sladopetikd kKAAado tou dévtpou. H Sourn Tou poviéhou eival Sevdplkr e TOUG
E0WTEPLKOUC KOUPBOUC Vva QVTLOTOLXOUV Of €PWINOEL; N SlaYwPLOHoUC TAVW OE  KATOLo

XOPAKTNPLOTIKO (TL.X. «nAKia < 30;»), Ta KAASLA aVTLMTPOoWTEVUOUV Ta TLBAVA ATOTEAECLOTA QUTWV
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TWV epwINocwy, Kat ta ¢UAAa (leaves) avrtiotolyoUv otig TeAlkEG TpoPAEPelg, &dnAadn otig
KOTNYopLeG N OTLG apLOUNTIKES TUUEG TTOU amobiSeL To Hoviélo. H kataokeur Tou SEvipou yivetal e
EMAVAANTITIKO TPOTO, emAéyovtag kaBe ¢opd tov Slaxwplopd mou odnyel otn peyalltepn
«KoBapoTnNTO» TWV TAPayOUEVWY KOUBwv. H évvola tng kabapdtntag oXeTleTal PUE TO OGO
opoloyevn eival ta delypata og évav kKoppo. Ma mpoBARuata Katnyoplonoinong xpnotuonotouvtot
ouvnBwe PETpa OMweg o Selktng Gini | n evtpomia (entropy). O otdxog tou aAyopibuou eival va
ETUAEYEL SLOXWPLOUOUG TIOU EAAXLOTOMOLOUV TNV HUN-KaBapotnta Kal odnyolv ot KOpBoug omou

KUpLOpPXEL pia katnyopla.

Eva and ta Pacikd mAsovekThUata Twv SEvipwyv amodaong sival n epunveuciludTnTd tous. To
MOVTEAO UMOpEl Vo ameLlKoVIoTEL ypadLkd Kal oL anodAcelg Tou va avaluBouv eUKoAa, YEYOVOG TIOU
1o kablota laitepa xpnolpo oe sdappoyeg omou amatteital Stadavela. EmumAfov, pmopsl va
XELPLOTEL TOCO ApLOUNTIKA 600 Kal Katnyoplkd Sedopéva xwplig olaitepn mpoenefepyacia. Qotdoo,
ta Sévipa amddaong epdavilouv £vtovn tdon yla umepnpooapuoyn (overfitting), €l6ika otav
ETUTPEMETAL VO avarttuxBouv xwplg meploplopolg (r.y. xwplc 6plo oto Baboc tou dévtpou). Ma tov
AOyo auto edapuolovtal TEXVIKEG TIEPLOPLOUOU TNG TTOAUTIAOKOTNTAG, OMWE To KAASepa (pruning) n

0 K0BopLoPOC MapaAUETPpWY OTWC To Mmax_depth kal to min_samples_split.

H BBAL0Bnkn scikit-learn mpoadépel oAokAnpwpévn umootrpLén yla poviéha Baotopéva os §évtpa
anodoong, KOAUTTOVTAG TO0O BACIKEC OGO KoL TIPOXWPNUEVEC TEXVIKEG. To amhd &évtpo anddacng
vloroteital péow tNGg kAdong DecisionTreeClassifier tou umomoakétou sklearn.tree, n ormoia
ETUTPETIEL TNV KOTAOKEUN LEPOPXLKWV LOVTEAWV Slaxwplopol He Kplrnipla onwe o Seiktng Gini n n
evipomia. lMapéxovial TOPAUETPOL €Aéyxou TNG TOAUTAOKOTNTAG, Onwg max_depth,
min_samples_split kat min_samples_leaf. Mépa and 10 pepovwpévo Sévipo, n BLBAoONAKN
umnootnpilel kal pebodoug cuvolwv (ensemble methods) mou PBaocilovtal oe moAAamAd Sévrpa. H
kAaon RandomfForestClassifier tou umomnakétou sklearn.ensemble vAomoiel tn péBodo Random
Forest, ouvbualovtag moA\d dévtpa pHéow TeXVIKNG bagging kal tuxaiag emAoyng XapaKTnpLoTIKWY,
ME otoxo tn BeAtiwon tng yevikeuong. H ExtraTreesClassifier (Extremely Randomized Trees) slodyet
OKOUN HeYaAUTEPN TUXALOTNTA OTOV TPOTO EMIAOYNG TWV SLOXWPLOUWY, EMITUYXOVOVTAC CUXVA
TOXUTEPN EKTTAISEVUON KOL OVTAYWVLOTIKY amodoon. EmumAéov, SatiBevtal texvikég boosting, onwg
ol GradientBoostingClassifier kot HistGradientBoostingClassifier, 6mou ta 8évtpa katookeudlovrat
Sladoyika kal KaBe véo Sévtpo Slopbwvel to opalpato twv mponyoupevwy. OAa to mapanavw
povtéha akoAouBolv tnv eviaia Stemadn tg BBAONKNng scikit-learn, pe tic pebddoug fit(),
predict() kat predict_proba(), yeyovog mou SieukoAlvel tn clUykplon SLadopeTIKWV TTPOoEYYioEWY

KOLL TNV EVOWUATWON Toug o€ poég epyaciag (pipelines).
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5.6.4.2 ANoyiotikn maAwdpounon

H Aoylotikn moaAwvépopnon (logistic regression) amoteAel pia amd tig Booikotepeg pebddoug
emBAenopevng pabnong yia mpoBAfpato Kotnyoplomoinong, Wolaitepa otav n UeEToPANTA-0TOXOG
givat duvadik (0/1). Ze avtiBeon pe tn ypappikn moAwdpouncn, n omoic mpoPAEmnel cuveyeic
OpLOUNTIKEG TLHEG, N AOYLOTIKN TOALWVSPOUNCN OTOXEVUEL OTNV ektipnon tng mbavotntag £va

APATNPOULEVO SElyO VOl OVIKEL OF L0l CUYKEKPLUEVN KOTnyopla.

H puébodoc Baailetal otn Aoylotikn cuvaptnon (logistic function r} sigmoid), n omola petaoyxnuatilet
€vav YpOoUULKO ouvluaoud TWV EPUNVEUTIKWY UETOPANTWY O T oto &wdotnua (0,1),

ETUTPETOVTOG £TOL TNV EPUNVELA TNG WG TIBavOTNTA. H cuvaptnon €xeLtn popdn:

1
1 + e~ (Bot+B1x1+PB2Xxz++PnXn)

Py=1Ix)=

OToU 0 6pogG By + L1x1 + -+ + Bpx, €lval €vag ypoppKOG CUVEUOOHOG TWV XOPAKTNPLOTLKWV.

To poviélo amodidel wg amotéAeopa TIBAVOTNTEG KAl OXL AMAWG ETIKETEG Kotnyoplwv. Ma va
AndOei tedikn anddaon Taflvopnong, xpnowonoleital ouvnBwg éva katwdAl (threshold), cuxva (oo
pe 0.5. Mo mapddelypa, av n eKTHWHEVN Bavotnta sival peyalvtepn amnd 0.5, tote to delypa
taflvopeital otnv Katnyopla 1, Siodopetikd otnv katnyopia 0. Auth n WLOTNTA KaBLoTA TN
Aoytotikn moAwvdpopnon Wiaitepa xpriown os epappoyég omwe n npoPAedn amodoxnc/anoppunc,

grntuylag/amotuyiag R amavtioswy vat/oxL.

H Aoylotikr) moaAwdpounon uAomoleital eUkoAa péow TG BLBALoBnkng scikit-learn kat sdikotepa
péow TG KAAong LogisticRegression tou umomnaketou sklearn.linear_model. H Stemadn tng sival
mapopoLa e Ta uroAolma povtéha t¢ BLBALoORKNG, emtpénovtag ekmaidsvon pe tn pébodo fit(),

nipoPAedn katnyopiag pe predict() kat mpdPAePn mbavotntwy pe predict_proba().

5.6.4.3 K-mAnoiéotepot yeitovec

O aAyopBuog twv K-mAnotéotepwy yertovwy (k-Nearest Neighbors — KNN) amoteAetl pia and tig mo
A£G Kol SLooOnTikég peBoddoug emPAemoOpeVNG LABNONG Lo TTPOPRAAOTA KATHYOPLOTIOiNGNG Kot
naAwépopnong. H Boaowkn tou W6éa elval OtL éva véo onueio Sedopévwv pmopel va
KotnyoplomolnBel £€eTAlOVTOC TA «YELTOVIKA» TOU ONUEi OTOV XWPO TWV XOPOAKTNPLOTIKWV.
JUYKEKPLUEVQ, VL0 Lo VEQ TIOpOTPNON, 0 aAyoplOpog umoAoyilel TIC ATTOOTACELS TNG Ao OAa Ta
Slo0gotpa onpueia Tou cuvolou ekmaidsvong kal evroriletl Ta k mAnoléotepa. H teAkn katnyopia

anobidetat ouvnBwg pe mMsoPndikn PRdo PETAlL TWV YELTOVWY QUTWV.
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H péBodog Sev mpolmobetel pntr ekmaideucn Pe TNV €vvola TNG EKTIHNONG MapapETpwy. MNa tov
AOyo autd ouyxva xopaktnpiletal wg «lazy learning» aAyoplBuog, kabwg n KUpLA UTTOAOYLOTLKA
emBapuvon petadépetal oto otadlo tng mpoPAedng. Autd kabilota tov KNN blaitepa amAo otnv
vAomoilnon Kol AMOTEAECUATIKO O WPIKPA N peoaiou peyéBoug olvola SeSopévwyv. Qotooo, ot
peyaAa cUvola Sedopuévwy n avaykn UTIOAOYLOLOU QMOCTACEWY Ao OAa ta onpeia kablotd tov

OAYOPLOUO UTIOAOYLOTLKA OTTALTNTIKO.

Eva akopn kpiowo IAtnua sival n kAlpoka Twv Xapaktnplotkwy. Emedn o KNN Baoiletal ot
UETPIKEC AMOOTACEWY (OTMwCG n EukAeibela amootaon), UeTaPANTEG pe peyoAUTEPO €UPOC TIUWV
urnopel va emnpedoouv Sucavaloya To anoteAeopa. MNa Tov Adyo auTo, TipLV Ao thv ebapuoyn Tou

aAyopiBuou, eivat cuvnBwe amapaitntn n Kavovikomnoinon Twv Sedouévwy.

O KNN vuvlomoteitat péow tng PpAloBAkng scikit-learn kalt edkotepa NG KAAONG
KNeighborsClassifier tou umomnakétou sklearn.neighbors. H emidoyn ¢ mapapétpou k, kabwc Kot
NG METPLKAC OmMOOTOONG, EMNPEAlEL ONUAVIIKA TNV omodocon TOU HOVIEAOU Kol omoteAsl

OVTIKE(PEVO TielpapaTIopoU Kat aloAdynong oto MAAioLo TNG avaAuong SeSopévwvy.

5.6.4.4  Support Vector Machines

Ot Mnyavég Atavuopdatwy Yrootnpténg (Support Vector Machines - SVM) amotehoUv pio loxupn
uéBodo emIPAenOpEVNC HABNONC yia TiPoPANUATA KOTnyopLlomoinong kat maAlvépounong. H Baoikn
Toug 6¢a eival o Tpoodloplopog evog umeperunédou (hyperplane) to omoio Stoywpllel TIg
KOTNYopLeG e TO BEAT LoTo SuVATO TPOTO. € avtibeon e amAolotepe LeBOSOUG TTOU ETLSLWKOUV
OmMAWG €vav SloxwpLopo, ot SVM emhéyouv To umepemineSo TOU HeyLoTomolel to meplBwplo
(margin), &nAadn tnv eAdxlotn amoctacn HETAEU TOU SloXwpLoTkoU EeMUMESOU Kol TWV
TMANoLéotepwV onueiwv kdBe katnyoploc. Ta onueia autd ovopdlovtal SLavUCUATO UTIOOTHPLENG

(support vectors) kat avutd kaBopilouv Tn B£on Tou SlaxwpLoth.

Te YpOoUUKA Sloxwplolpa Sedopéva, To UTEPETMESO eival ypapiko. Qotoco, otav ta dedopéva
Sev umopoLV va SLoxwpeLoToUV YPAUULKA OTOV apXLKO XWPO XOPOKTNPLOTIKWY, oL SVM aflomolouyv th
Aeyouevn texvikn tou kernel trick. Méow katdAAnAwv cuvaptioewv mupnva (kernel functions),
Omw¢ o MoAuwVUUIKOC ;1 o RBF (Gaussian) mupnvog, ta Sedopévo mpoPaAlovial o Xwpo
vPnAoTepnC SLacTaong OOV 0 YPAUULKOC Sltaxwplopdg kabiotatal edplktog. Me tov Tpdmo auto, To

HMOVTEAO UTtopel va amoSwoeL N YpappLKE cUvopa anodacns oTov apxLko Xwpo.

OL SVM mapouatdlouv t8Laitepa kohr amddoaon o mpofAnuota unAng Stdotoong, akopn Kat otov

0 0pLOUOC XOPAKTNPLOTIKWY ElvaLl LEYAAOC O OXEON HE TOV 0plOUo Twy mapatnpnoswv. Qotdoo, To
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UTIOAOYLOTIKO KOOTOC ekTtaibeuong aufAveTal OnUAVIIKA O peydha cuvola dedopévwy, BLwg otav
XPNOLOTIOOUVTAL [N YPOAULLKOL TIUPAVEG, YEYOVOG TIOU TIEPLOPILLEL TN XPrion Toug os meplBailovta

TIOAU peyaAou Oykou SeSopEVwV.

H uAomoinon twv SVM napéxetat amno tn BLBAoOnkn scikit-learn kat eldikdtepa and tnv kAdon SVC
Tou unomakEtou sklearn.svm. To HOVTENO ETUTPETEL TNV €MIAOYH TUTIOU TTUpAvVaA, KaBwg Kal puBULoN

UTIEPTIOPOALLLETPWV.

5.6.4.5 Egapuoyn moAAarnAwv aAyop(Buwv katnyoptortoinoncg oto Titanic dataset

O kwdikag K. 5.6.9 UAOTOLEL PLOl CUYKPLTIKN UEAETN TEVTE OLAPOPETIKWY KATNYOPLOTIOLNTWY OTO
npoPAnua mpoPAedng eniBiwong eniPatwy tou Titanic. ApXkd, To cUvolo dedopévwv GopTWVETAL
and tn PPAodrikn seaborn pe sns.load dataset("titanic") Kol amopakpUvovtal ot
eyypodEG pe eAMElC TIUEG 08 BAOCLKA XAPAKTNPLOTIKA (age, sex, fare, class, survived). Itn
OUVEXELQ TTPpAYUATOTOLE(TAL OITAR KWSIKOTOINGN KATNYOPLKWY UETABANTWY: TO GUAO LETATPEMETAL
oe duadikn aplBuntiky popdn (0 yia avdpeg, 1 ya yuvaikeg) kal n katnyopia swoitnpiou (First,
Second, Third) otig aplBUNTKESG TLHEG 1, 2 Kat 3. Q¢ XAPAKTNPLOTIKA ETUAEYOVTOL OL HETOPANTEG sex,

age, fare Kol class, EVW N LETABANTA-0TOXOC €lvalL N survived.

Ta &ebopéva ywpillovtar o€ oUvolo ekmaideuong Kol eAéyxou He avaloyia 70%-30%,
xpnolpomnolwvtag train_test_split. H mapdpetpog stratify=y Staodaiilel 6tL n avaloyia emilwviwy
KoL KN eMWVTWY TOPApEVEL idLa kal ota SU0 oUVoAQ, yeyovog Lolaitepa onpavilkd o mpofAnuota
Suadikng katnyoplomoinong. AKoAouBel KALUAKWON TWV XOPAKTNPLOTIKWY e StandardScaler, wote
KAOe petafAntn va £xel undevikd péco Kat povadiaia Stakopovon. H KAlpdkwaon eivol kpiown ylo
oAyopiBuoug mou Pacilovtal Oe AMOOTACELG | OE €EC0WTEPLIKA YWOUeva, Omwe ol SVM, KNN kat
Logistic Regression. To scaler epappoletal povo ota dedopéva eknaidevong (fit) kal otn ocuvéxela

XPNOLLOTIOLELTOL YLOL TOV PETAOXNHUATIONO Kol Twv SeSopévwy eAéyyou (transform).

Ytn ouvéxela opilovtal mévte poviéla: Gaussian Naive Bayes, Decision Tree, Support Vector
Machine, Logistic Regression kat K-Nearest Neighbors. la kd0e povtélo ekteleital ekmaidevon oto
training set kal mpoPAedn oto test set. MapdAnAa umnoloyilovtal BACIKEG PETPLKEG amodoong
(accuracy, precision, recall, Fl-score), oL omoieg amoBnkelovtialL Ot TivaKa yld OCUYKPLTIKA
napouciacn. EmumAgoy, yla kdBe poviého unoloyiletal n kapmuAn ROC kat to avtiotolyo epupadov
KATw amd tnv KapmuAn (AUC). TéEAlog, oL KaumuAeg OAwv Twv Hovtélwv oxedialovtal oto (5o
ypadnua, EeMITpENMOVIAC GUEON OMTIKA oUykplon (Ewkdva 27), evw oL aplOUNTIKEC HETPLKEC

napouotalovtal o popodr DataFrame (Ewkdva 28).
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import pandas as pd
import seaborn as sns
import matplotlib.pyplot as plt

from sklearn.model selection import train test split
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import (

accuracy score,

precision score,

recall score,

fl score,

roc_curve,

auc,

)

from sklearn.naive bayes import GaussianNB

from sklearn.tree import DecisionTreeClassifier
from sklearn.svm import SVC

from sklearn.! Jel import LogisticRegression
from sklearn.ne ; import KNeighborsClassifier

# 1. ®b6ptwon tou Titanic dataset amd 1o seaborn
titanic = sns.load dataset("titanic") .dropna(
subset=["age", "sex", "fare", "class", "survived"]

)

# 2. Hpoemefepyaoia XApakInploT LKOV @UAO (sex) kol xoatnyoplia eiLoltnpiou

(class)

titanic["sex"] = titanic["sex"].map({"male": 0, "female": 1})
titanic["class"] = titanic["class"].map({"First": 1, "Second": 2,
3h

X = titanic[["sex", "age", "fare", "class"]]

y = titanic["survived"]

# 2. Alaxwploudbe oe train/test

X train, X test, y train, y test = train test split(
X, y, test size=0.3, random state=42, stratify=y

)

# 3. KALpdxXwon XopaxInpeloT Llk)v (onuovtikd yloa SVM, KNN, Logistic
Regression)

scaler = StandardScaler ()

X train scaled = scaler.fit tr
X test scaled = scaler.transft

sform(X_train)
(X test)

# 4. OpLopdbc povIéAwV

models = {
"GaussianNB": GaussianNB(),
"DecisionTree": DecisionTreeClassifier (random state=42),

"SVM": SVC(probability=True, random state=42),

"LogisticRegression": LogisticRegression(max iter=1000,
random state=42),

"KNN": KNeighborsClassifier(n neighbors=5),

}

# 5. Exmoideuon xal mpbéPAeln via k&Be poviéAo, UTOAOYLOPOC PETP LKAV

results = []
plt.figure(figsize=(8, 6))
for name, model in models.items() :
# Exnoideuon
model. it (X train scaled, y train)

"Third":
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# TMpodRAeUD

y pred = model.predict (X test scaled)

y_prob = (
model.predict proba(X test scaled)[:, 1]
if hasattr(model, "predict proba")
else model.decision function(X test scaled)

)

# YmoAoy Lopudc peTpLROV

acc = accuracy score(y test, y pred)
prec = precision score(y test, y pred)
rec = recall score(y test, y pred)

fl = f1 score(y test, y pred)
results.append([name, acc, prec, rec, fl1])

# Sxedlaon rkoumUAng ROC

fpr, tpr, @ = roc curve(y test, y prob)

roc_auc = auc(fpr, tpr)

plt.plot(fpr, tpr, label=f"{name} (AUC={roc auc:.2f})")

# ROC xoapmUAeg

plt'plOt([ol 11, [0, 11, "k__")
plt.xlabel ("False Positive Rate")
plt.ylabel("True Positive Rate")
plt.title("ROC Curves for Titanic Models")
plt.Ilegend()

plt.show()

# Euodvion petpLlrOV
results df = pd.DataFrame(
results, columns=["Model", "Accuracy", "Precision", "Recall", "Fl1-
Score"]
)
print (results_df.round(3))
K. 5.6.9 — Eqpappoyn kat oUykpLon amoteAeoudtwy 5 aAyopiduwv katnyoptomoinong oto dataset Titanic.
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ROC Curves for Titanic Models
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Ewkova 27 — ROC kaurtUAeg yla 5 adyoptduoug katnyoptomoinonc yia to dataset Titanic.

Model Accuracy Precision Recall F1-Score

0 GaussianNB 0.744 0663 0.747 0.703
1 DecisionTree 0.758 0.701  0.701 0.701
2 SVM 0.791 0.792  0.655 0.717
3 LogisticRegression 0.767 0713 0713 0.713
4 KNN 0.758 0697 0713 0.705

Ewkova 28 — Metpikég 5 adyopiuwv katnyoptomoinong yia to dataset Titanic.

5.7. Zuotadomoinon

H ouotadomnoinon (clustering) amoteAel Baoikn TeXVIKN UN-emBAENOUEVNG Ladnong (unsupervised
learning), otnv omola &gv UTAPXOUV TPOKAOOPLOUEVEG ETIKETEC YLa Ta dedopéva. Ze avtibeon pe Tny
TOELVOUNON, OTIOU TO LOVTEAO eKMOLOEVETAL E YVWOTEG KATNyopleg-otoXoUG, oTn cuotadomnoinon o
OoAyOpLlOpoG KaAeltal va avakaAUPeL HOvVoG Tou Tn SO ToU UTIAPXEL ota Sedopéva Kal va
opadomnotroet ta Selypata os cuotddeg (clusters) pe Baon Tnv opoldTNTA Touc. H Baowkn Wéa ivat
OTL KABe onuelo debopévwy TIPEMEeL TeAkA va avateBel og plo opdda, £T0L WOTE TA ONUELA TTOU
ovAkouv otnv dla cuotdda va eivol «kovtd» HeTafl TOUG, EVW TA ONMELO TIOU QAVAKOUV Of

Sladopetikéc cuotadeg va eival, Katd to duvotdv, «pakplar». Mo va emnteuxBel autd, opiletatl
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Kamotla popdn HETPOU amMOOTACNC 1] OUOLOTNTAC HUETOED TWV TMAPATNPHOEWY, OTIWG YLa TTapAdELyLa
n EukAeidela andotaon o évav MOAUSLACTOTO XWPO XOPAKTNPLOTIKWY. H évvola Tng «eyyluTnTaG»

e€aptatal amno tn puon Twv SESOUEVWY KAL TNV ETAOYN TNG LETPLKNG.

Y1o mAaiolo tng avaiuong deSopévwy pe TNV Python, n cuotadomoinon xpnolpomnoleital cuyxva yla
Slepeuvntikn avaluon (exploratory data analysis), yla tTnv avayvwplon mPotunwy, TUNUATONTOoINGoN
TEAQTWV Kal ylo aviyveuon avwpaAiwyv. AnpodlAeic aAlyoplBuol, omweg o k-means, n LEpAPXLKA
cuotadomnoinon kot o DBSCAN, ulomolouvtal oto scikit-learn, €MTPENOVIAC TNV dappoyn

TOUC LIE OXETIKA TTAO KOl GUVETT TPOTIO.

5.7.1. O alyoplBuoc k-means

O aAyoplBuog k-means amotelel £vav amd Ttoug amAoloTepoug Kal TIAéov SLadeSopévoug
oAyopiBuoug cuctadomoinong. H Baotkn apxr Tou gival OTL KGBe cuotada avamnapiotatol and To
KEVTPO TNC (centroid), To omoio opiletal wG 0 PECOG OPOG OAWV TWV CNIELWYV TIOU AVIKOUV O QUTAV.
EmutAéov, kaBe onueio Oebopévwv avhAkel otn ouotdda TNG omolag To KEVTIPO PBploketol
TIANGCLECTEPA OE QUTO OE OXECON HE TA KEVIPA TWV AAWV cuotadwv. Me Tov TPOMO QUTO, TO
MPOPANUa cuotadomolnong UETATPEMETAL 0 MPOBANUA gAaylotomnoinong tou abpoilopuatog Twy

TETPAYWVWY TWV QMOCTACEWVY KABE onueiou amo To avtioToL o KEVTPO TNG OUCTASOC TOU.

O aAyopiBuog €ekivd pe tnv emhoyr] Tou emBupntol oaplBpol ocuotddwv k. ITn CUVEXELQ,
gTAEyovTaL apXLlKa k onueia amod to cUVOAO TwV SESOUEVWV WE apXLKA KEVTPA, cuvhBwg e Tuxaio
Tpomo. AkodouBouv Suo emavalappavopeva Bapata: a) kaBe onueio avatiBetal otn cuotdda tou
TIANOLECTEPOU KEVTPOU Kal B) yla kdaBe cuotada umoloyiletal VEo KEVTPO WG O HECOG OPOG TWV
onpeilwv mou tng €xouv avatebel. Ta SUo autd Brpata emavalapBavovial €éwg 0Tou oL aVaBECELS
Sev aAAalouv A€oV A n HeTOBOAN TwV KEVTPWV yivel apeAntéa. H Stadikacio autn €xel amodeiyOel
OTL OUYKALVEL. QOTO0O, TO TEAKO QATOTEAECHA €EAPTATAL QO TNV APXLIKA ETUAOYN TWV KEVIPWY,

YEYOVOC TTOU KaBLOTA XPOLUEG TEXVIKEG OTIWG N TOAAOTTAY apylkomoinon 1 n uébodog k-means++.

5.7.1.1 lNapadeyuo epapoyric tou k-means o€ ouvIetTikd SedoUEVa
IT0 mapddeypa autd mopouctdletal n edoapupoyry tou aAyopiBuou k-means oe ouvBeTikd
Sebopéva, e otdXo TNV KaTAvonon tng Asttoupyiag tou. Ta Bripata nou Ba akoAouBnBoLv elval Ta

akohouvOa:

1. Anuoupyia Kal amelkovion cUVOETIKWY SES0UEVWV.
2. Edoappoyn k-means yla eVIOTONO CUCTASWV Kol YpadLKI) ATEIKOVION TOUC.
3. YmoAoywopog tng Metpknig silhouette_score ylwa tnv ektignon g mowotNTAG TNG

cuotadomnoinong nou £xeL emiteuyOet.

409



To mapadelypa mapouclaletal oTadlakd PE TUAUATA KWSIKA TTOU OVTLOTOLYOUV OTA KEALA €VOG
Jupyter onuewwpatapiou. Itov kwdika K. 5.7.1 dnuloupyeital £va TexvNTO cUVOAO SESOUEVWY LIE TN
ouvaptnon make _blobs amd to vumonakéto sklearn.datasets. OL mapduetpol centers=4,
n_samples=200, cluster_std=1.7 kat random_state=42 kaBopilouv avtiotolxa tov aplOpd Twv
TPAYHOTIKWY oUoTAdwyY, To MANBoG Twv Selypdtwy, tn Slacmopd yupw amo kABe KEVIPO Kal TN
Suvatotnta avamapaywyng Twv dlwv dedopévwy. Me tov Tpomo auto mapdyovral Sedopéva mou
CUYKEVTPpWVOVTAL YUPpW amod TECOEPO SLOKPLTA KEVTPA, XWPLC OUWG va €lvol €K TWV TIPOTEPWVY

YVWOTA oTov aAyoplopo.

# 1. Anploupyla kol amelkdvLon OoUVOET LKOV Oedopuévav
import matplotlib.pyplot as plt
from sklearn.datasets import make blobs

X, y = make blobs(centers=4, n samples=200, random state=42,
cluster std=1.7)

plt.scatter(X[:, 01, X[:, 11)
plt.xlabe (”XapaxtanOtLKo i)
plt.ylabel ("XopakInplotLtkd 2")

plt.show()
K. 5.7.1 — Anutoupyia ouvOetikwy Sebouévwy ue tnv make_blobs().

H amelkovion Twv onueiwv mou dnuloupyolvtal mapouctaletal oto ypadnua tng Ewkova 29.
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Ewkéva 29 — Antetkovion twv 2D ocuvIeTikwy SedSouévwy.
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To enopevo Bripa ival n edapuoyn tou aiyopibuouv k-means yla Tov EVIOTIOUO TWV CUCTASWV.
AuTO ocupBaivel otov kwbdika K. 5.7.2 omou edapudletol o alyoplBuog k-means emiAéyovtag wg
UTIEPTIOPALETPO TOV aplBud cuotadwv k = 4. O aAyoplBuog umoloyilel Ta KEVTIPA Kal ovaBETel
KGBe onuelo otn ocuotdda Tou MANCLECTEPOU KEVIPOU, cUpdwva pe TNV EukAeidela amootaon.
AkoloUBwg, Ta (dla Sebopéva amelkovilovial ek véou, otnv Ewova 30, auti tn ¢opd pe

SLopopETLKO XpwHO YLo KABe cuotdda, wote va eival opatd To anoTéAeopa The cuotadomnoinonc.

# 2. Boappoyn k-means ylia eviomilopd Kol €uedvion ocuoT&dwv
from sklearn.cluster import KMeans

model = KMeans (4)

plt.:

plt o &
model.cluster centers [:, 0], model.cluster centers [:, 1], s=100,

color="red"

)

plt.title("k-means ocuctadomnoinon")

plt.x el ("Xapaxrtnplotlkd 1M)

plt.y el ("XapoxtnoLottkd 2M)

K. 5.7.2 — Eapuoyn tou k-means.

:, 01, X[:, 11, c=model. labels )
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Ewkéva 30 — Ot cuotaSeg mou evtortilel 0 k-means Kol Tal KEVTPA TOUC.
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T€Aog, otov kwdika K. 5.7.3 umoloyiletal n petpikn silhouette score, n omola PeTpd MOco KaAA KAOs
onpeio tawplalel otn Sk TOUu CUCTASA O OXEON ME TIG VELTOVIKEG. YWNAEG TUUEG Tou Oeiktn
urtodnAwvouv KOAN ouvoxr €vtog ouotadwv Kol cadn OSloXwPLoPO HETALy SLapOPETIKWY

ouoTadwv.

# 3. Ymoloyloudc Silhouette Score
from sklearn. import silhouette score

score = silhouette score(X, model. )
print("Silhouette score:", score) # Silhouette score: 0.6489658465525686
K. 5.7.3 — YoAoytouoc tng uetpikic silhouette.

5.7.2. lepapyikr) cuotadomoinon

H epapyikn cuotadomnoinon (hierarchical clustering) amoteAel pLo SladopeTIKr TPOCEYYLON OTN UN-
eruPAenopevn padbnon, n omoia Paociletal otn otadlakr cuyxwveuon f Sldomacn cuotadwy,
Snuoupywvrtag po evdpoeldr avamoapaotacn the Soung Twv deSopévwy. TNV o cuvnBLlopévn
popdn TNe, TNV Aeyopevn agglomerative® cuctadomnoinon, n Stadikacia EeKva TomoBeTWVTOS KAOE
onueio &edopévwv otn Ok tou cuotada. Emelta, oe kabe emavaAnyn, Vo cuotadeg mou
BewpouvTal MO «KOVTIVEG» HE BAon KATOLO KPLTHplo amdotacn cuyxwvevovtal. H dwadikacia

ouveyxietal PEXPL VA amOMEIVEL 0 EMBUUNTOC apLBUOC CUCTASWV.

Onwc Kat otov oAyoplBuo k-means, anatteital mpwta €va PETPO andotacng HeTally onuelwy, ou
ouvnBwg eival n EukAsibela amodotaon. Qotdco, otnv LEpap)Llky cuotadomoinon xpelaletal va
TPOOSLOPLOTEL KOl O TPOMOG e Tov omoio umoAoyiletal n andotoon petaly dvo cuotadwv. To
Kputnplo auvtd, ywwotd wg linkage, kaBopilel Tov TpOTO TOU CUYKpivovTal OPASEG onueiwv Kol

odnyel oe Sladopetikég popdég ouotadomnoinong. Ta mAéov cuvBLlopéva kputrpla linkage eival ta:

Single linkage: n amdotaon Svo cuotadwv U kat V opiletal wg n €Adxlotn amootocn HeTafl

omnoloudnmnote {evyouc onuelwv Twv Vo cuoTAdwv.

d(U,V) = min d(u,v)

ueu,vev

Complete linkage: n amdotaon opiletat wg n péylotn amodotacn petafy onueiwv twv Svo

oUoTAdWV.

du,v) = uer{}%xev d(u,v)

* Agglomerative onpaivel “xtilw mpog Ta mdvw cuvSuAlovtag HKpd TUApoTa”.
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Average linkage: n anmootacn opiletal w¢ o HECOC OPOC OAWV TWV ATTOCTACEWY HETALY CNUELWV TWV
SUo cuoTtadwv.

d(U, V) :W d(u,v)

ueu,vev

Ward linkage: emiléyel t ouyxwveuon mou elaxlotonolel tnv avénon tou abpoiopatog twv

TETPOAYWVIKWY 0GOAUATWY 0TV KABe cuotada.

5.7.2.1 Mapdadetyua tepapyiknc cuotadomoinonc o ouvIEeTIKA SESOUEVL

Q¢ napadelypa epapUoyng TNG LEpapxkng cuotadomnoinong Ba mapouaolactel To 6o mapadelyua
ocuotadomnoinong ocuvOeTikwy SeSoUéVwY TIOU AVTLIUETWIOTNKE otV Ttapdaypado 5.7.1.1 pe tov k-
means. O kwdwog K. 5.7.4 dnuioupyel apyikd ta cuvOetikd dedopéva Kal otn ouvexela edappuolet
Lepapykn (agglomerative) cuotadomoinon ywa téooeplg Slodopetikéc pebddoug linkage (single,
complete, average, ward), moapdyovtog Técoepa SlaypAppata SlaoTopdg oTa omola ta onueia
xpwpotilovral avdaloya pe to cluster oto omoio avrkouv (Ewkova 31). NapdAinAa umoloyiletal o
Seiktng silhouette mou MOCOTIKOTOLEL TNV MOLOTNTA TOU SLAXWPLOUOU CUCTASWY TIOU ETUTUYXAVETOL.
2tn ouvéxela oxedlalovral ta avrtiotowa devdpoypappata (dendrograms), to omoia amelkovi{ouv
™ SLadoxIK CUYXWVEUOH TwV CUCTASWY Kal TNV amOoTaon OTNV Omoia auTH TpayaTonoleitatl
(Ewkova 32). O katakopudoc afovac ekdppalel TNV AMOOTOON CUYXWVEUONG, EVW N opllovTia Slataén
Twv GUAWV avtiotolkel ota apykd deiypata. H Slakekoupévn oplovtia ypappn mou epdaviletal
o KABe Sevdpoypappa avamaplotd to «UPog komnc» (cut height), SnAadn tnv TR andéotacng
otnv omola av Slakomel To 6£VTpo MPOKUTITOUV OKPLRWE TECOEPLG CUOTASEG, CUVEEOVTAG ETOL OTITLKA

™ 6evOpIKN avamapactacn e ta Téooepa clusters mou gpdaviovral ota avriotolya SlaypappoTa

Sloomopdc.

import matplotlib. as plt

from sklearn. import AgglomerativeClustering
from sklearn. import make blobs

from sklearn. import silhouette score

from scipy. . import dendrogram, linkage

# 1. Anpioupyla ouvBeT LKOV OedOUEVOV
X, y = make blobs(centers=4, n samples=200, random state=42,
cluster std=1.7)

# 2. Iepopxlxn ouotadomnoinon pe 4 ditapopet k& linkages

fig, axes = plt. (2, 2, figsize=(12, 10))
linkage methods = ["single", "complete", "average", "ward"]
for ax, method in zip(axes. (), linkage methods):

model = AgglomerativeClustering(n clusters=4, linkage=method)
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labels
ax.scatter(X[:,

model. fit predict(X)
01, X[:, 11,

c=labels,

{method}")

cmap="tabl0",

ax.set title(f"Agglomerative -

ax.set xlabel ("XapaxktnptoTlxkd 1")

ax.set ylabel ("XapaKInELoTL
score silhouette score (X,
print(f"Linkage {method:8
plt.tight layout()
plt.show()

# 3.
fig,

sxedloon Twv 4 dendrograms
axes = plt.subplots(2, 2,

for ax, method in zip(axes.ravel(),

k6 2")
labels)
s} Silhouette score

figsize=(12, 10))

Z = linkage (X, method=method)
n = X.shapel0]

k = 4

cut_height = Z[n - k, 2]

dendrogram(Z, ax=ax,
ax.axhline(y=cut height,
ax.set title(f"Dendrogram -
ax.set ylabel ("Anbctaon")

plt.tight Iayout()

plt.show()

K. 5.7.4—-

no_ labels=True)
linestyle="--")

{method}")

s=50)

{score:.3f}")

linkage methods) :

lepapyikn ouotadomoinon yia 4 Stapopetika linkages (single, complete, average, ward).

H £€060¢ mou epdaviletal katd tnv eKTEAECN TOU KwdLKA glval n akoAoudn:

Linkage = single Silhouette score = 0.555
Linkage = complete Silhouette score = 0.649
Linkage = average Silhouette score = 0.555
Linkage = ward Silhouette score = 0.649
Agglomerative - single Agglomerative - complete
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10 °® . s "o o 10 o 8 ° .
° }l‘ﬁ;’".‘ oo'-“‘"': ) ¢ v‘ wee ..“ ."t': s
P oo ° ‘ oy . . o... M‘ PR .‘ X -: -
E -.?.‘.b " L ] E e® .t .‘ L]
£ o . ) . A% W
£ . o .‘ N B3 s ‘
-10 % e ® -10
71‘2 5 71'0.0 77‘ 5 75‘ 0 72' 5 ) 0.‘0 2.‘5 5.'(] 7.‘5 712 5 710 0 . 75 0 72 5 00 2.‘5 5.‘0 7.‘5
Agglun‘i)éxrgﬂagué‘:férage Agg’i e \‘\%‘Kov}ard
L)
SR i SRR i
° L] L]
SS..?M. e%, LR 5;5,",%" %ot °* o
: w%shd o | § wh%th & o
P ¢ % ean, g o . 48 ‘e,
-5 ° ‘ [ -5 ‘ s
. ® e :.' ".. . . . .. .. 9, o
_104 T e & ~10 ° ‘ .

=25 0.0 25

XOpaKTNPOTIKG 1

-5.0

5.0

=25 0.0 25 5.0

XOapaKTnpLoTké 1

Ewkova 31 — AntoteAéopata ouotadomoinong Ue Lepapytkn ouatadomoinon yla 4 dtapopetika linkages.
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Ewkova 32 — Aevbpoypauuata LepapyLkrc cuatadomnoinang yia 4 Stapopetika linkages.
5.8. AoKNOELC

5.8.1. Aoknon1

JTOX0G TNG AoKNoNG €lval n eknaidsuon Kal afloAdynaon evog LOVIEAOU YPOUULKAC TTOALVOPOUNGNG
ylia tnv mpoPAedn tng péong Tng Katolkiag (median house value) oto ouvolo Sedopévwv
California Housing. ErmutAéov, {nteltal n Siepevivnon tng enidpaong tng Kavovikonoinong (feature

scaling) otig em8O0ELG TOU POVTEAOU.
Mo tn déptwon twv dedopévwy va xpnotponondel o akdAoubog KwdIKag:

from sklearn.datasets import fetch california housing
california housing = fetch california housing(as_ frame=True)

Na uAomotnBouv ta mapakdtw Brpota:

1. ®optwon kat apxkr Slepevvnon dedouévwy
o Na efayBoUv ta xapaktnplotikd (X) kat n petaPAnti-otoxog (y).
e Na mapoucLacToUV oL SLOCTACELG TOU GUVOAOU SES0UEVWV.
e Na gudaviotolV oL TTPWTEC YPOUUES TOU TiVaKAL.
2. Awaxwplopdc o cUvola ekmaibsuong Kal eAéyxou
e Na npaypotornoinBel Slaxwplopdg o cUVoAo ekmaidsuong Kal cUVOAo eAéyyou e

avahoyia 80% - 20%.
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e Na mapoucLaoToUV oL SLACTACELS TWV ETLUEPOUC CUVOAWV.

3. Exmaideuon poviélou
e No MpocapUOCTEL LOVTEAO YPAUULKNAC TTAALVSpOpNnong ota Sedopéva eknaideuonc.
4. MpoBAedn
e Na untoAoylotoUv oL TTPoBAEPELG TOU HOVTEAOU yLa Ta Sedopéva eAEYXOU.
5. Aoloynon
e Na unohoylotoUv to Mean Squared Error (MSE) kot 0 cuvteAeotri mpoodioplopol R2.
6. Kowovikomoinon xopaKTnpLOTIKWY
¢ Na sdappuootel kavovikomoinon pe xprion tng kKAaong StandardScaler.

e JTn ouvéxela va emavoindBolv ta Bripata 3—5 e Ta KavoviKoTopéva Sedopéva Kot

va TipaypatonolnBel cUYKPLON TWV AMOTEAECUATWY LE EKEIVA TOU QPXLKOU LOVTEAOU.

5.8.2. Aoknon 2
MeAetrote TO TAPASELYHO TTIOU TTOpoUCLAleTOL 0TO «MLa OTITIKY ELCOYWYH OTH UNXOVLKA pabnon» -

https://r2d3.us/ontikA-EL00YWYN-0TN-UNXAVIKN-LdBnon-puépoc-1/.  tnv  doknon ovut) Ba

SnuoupynBel £va amAomolnUévo avtioTtolxo osvaplo mou adopd 2 umoBetikeég moAelg CITYA kal
CITYB. ©a &nuioupynboulv cuvBetika debopéva pe features ta elevation, price, sqft, bedrooms kai
pe label to city kat Ba Staxwplotolv o€ oUVOAQ eKMAldeUONG Kal €AEyXou. ZTn OUVEXELa Ba
ekmaldeutouv SU0 Katnyoplomolntég (classifiers), kot Ba efetaotouv petplkég amddoong mou Ba

UTIOAOYLOTOUV 0TO GUVOAO gAEy)OU.

Na xpnoomnownBei o akdoAouBog kwdikag (K. 5.8.1) yia tn Snuloupyia Twv cUVOETIKWY SeSoPEVWV:

import numpy as np
import pandas as pd

np. . (7)

N = 500

# CITYA

citya elev = np. . (loc=80, scale=30, size=N)
citya price = np. . (loc=1100, scale=180, size=N)
citya sqgft = np. . (loc=900, scale=120, size=N)
citya beds = np. . (1, 5, size=N)

# CITYB

cityb elev = np. . (loc=50, scale=25, size=N)
cityb price = np. . (lLoc=950, scale=150, size=N)
cityb _sqgft = np. . (loc=800, scale=80, size=N)
cityb beds = np. . (1, 4, size=N)
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https://r2d3.us/οπτική-εισαγωγή-στη-μηχανική-μάθηση-μέρος-1/

df

)

= pd. (

{
"elevation": np. ([citya elev, cityb elev]),
"price": np. ([citya price, cityb price]),
"sgft": np. ([citya sqgft, cityb sqgftl]),
"bedrooms": np. ([citya sqgft, cityb sgftl]),
"city": ["CITYA"] * N 4+ ["CITYB"] * N,

}

K. 5.8.1 — Anutoupyia ouvOetikwv Sedougvwy yLa tnv aoknon 2.

Na uAomotnBouv ta akdAouba Brpata:

Na oxeblaotel éva Staypappa dtacmopdg "elevation vs. price" yla tig moAelg CITYA kat CITYB.

Na mpaypatomnolnBei Slaxwplopdg oe cUVoAo ekmaideuong kot oe cUVOAO eAEyXoU LE avaioyia
75%-25% (random_state=7). Na eudaviotolv ol SLAoTACEL TWV CUVOAWV Kal To TARBoG avd
kAaon (CITYA n CITYB) og kaBéva amno ta 0o cuvola.

Noa ekmolbevtel €va  6évbpo amoddcewv (DecisionTreeClassifier pe max_depth=4,
random_state=7). Mo ta dedopéva eAéyxou va UTIOAOYLOTEL TO accuracy, To precision, to recall
ko to f-score kal va oxedlaotel Pe To seaborn o mivakag cuyxuong.

No ekmaldeutel €vag katnyoplomotntig Aoylotikng maAwvdpounong (LogisticRegression). Na
UTIOAOYLOTOUV oL  (8lEC METPKEC amodoong HME OUTEC TIoOU  UTtoAoylotnkav ylo To
DecisionTreeClassifier oto mponyoUpevo epwtnua Kot va oxedlacTtel o mivakag cuyxuong. MNolog

KOTNYOPLOTIOLNTA G CUUTEPLPEPETOL KAAUTEPQL;
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Epwtnoelg avtoaéloAdynong

1. Nola armo TIG MoPAKATW TEPLUTTWOELG AToTeEAEl Tapadelypa emBAENOUEVNC LABNONG;
o) Opadormoinon mehatwy pe Baon tn cuunepLdopd ayopwv
B) Meilwon Sltaotdoewv pe PCA (Principal Component Analysis)
y) MpoPAedn TG KaTOKIAG e BACN XAPAKTNPLOTIKA TNG
6) Elpeon doung dedouévwy Xwpig ETIKETEC

2. Nolog eivat 0 0TOX0G TNG YPAULKNG TTOALVOpOUNONG;
a) H mpoPBAen katnyopiag
B) H ektipnon ocuvexolg HeTaBANTHG-OTOXOU
v) H opadormnoinon dedopévwv
6) H emidoyn XxapaKTnpLoTIKWY

3. Mola oo TLG MOPOKATW UETPLKEG XPNOLUOTIOLEITAL O TIPOBAN AT KOTHYyOopLOTOiNoNgG;
a) Mean Squared Error (MSE)
B) R?
v) Accuracy
6) Root Mean Squared Error (RMSE)

4. Molo amd ta mapakATw anoteAsl mopdadetypa pn-emiPAenopevng pabnong
o) Logistic Regression
B) Decision Tree Classifier
v) k-means
6) Linear Regression

4

Jtov alyoplBuo k-means, to k SnAwvel:
o) Tov aplOUo XaPaKTNPLOTIKWY
B) Tov apBuod emavaAnPewyv
v) Tov aplBuo detypdtwy
6) Tov aplBuod cuotadwv

6. Mota eivat n Baowkn uEBodog ekmaidevong evog poviélou oto scikit-learn;
a) fit()
B) train()

v) learn()
6) optimize()

7. Noto module tou scikit-learn mepthapBavel tnv kAdon LinearRegression;
a) sklearn.metrics
B) sklearn.cluster
v) sklearn.preprocessing
6) sklearn.linear_model

8. Mowa cuvaptnon tou scikit-learn xpnowomnoleltal yia Siaxwplopd Sebopévwv oe
ekmaideuon g Kat eAéyxou;

a) split_dataset()

B) train_test_split()

y) cross_val_split()

6) data_partition()

ouvolo

418



9.

Mow «kAdon Ttou scikit-learn yYpnolpomoleital yla  KOVOVLKOTOINGN  XOPOKTNPLOTIKWY

(standardization);

10.

11.

12.

13.

14.

15.

16.

17.

a) StandardScaler

B) Normalizer

v) RobustTransformer
6) MinMaxScaler

Moto module tou scikit-learn meptAapPavel tn cuvaptnon silhouette_score;
a) sklearn.preprocessing
B) sklearn.model_selection
v) sklearn.decomposition
8) sklearn.metrics

H tepapykn cuotadomnoinon pnopel va mapouolactel ypadikd péow:
a) ROC curve
B) Dendrogram
v) Scatter matrix
6) Boxplot

Y1a mpoBARuata Katnyoplomoinong, o mivakag cuyxuong (confusion matrix) meptAapBavet:
o) Mbévo owaotEg MPOoPBAEYELG
B) Tetpaywvika opaipato
v) Mpayuatikég Kal TPoBAEMOUEVEG KAAOELG
6) Twwég mBavotATwy

H petpwkr] R? ekdppalet:
o) To ToCOOTO CWOTWV TOELVOUNOEWV
B) Tn p€on amoAutn amokAlon
v) Tov aplBud Twv XapaKkTnpLoTIKWY
6) To mocooTo Slaklpavong tng e€aptnuévng LeTaBANnTrC mou €nyeital and To povtélo

Mola armo TLG MAPAKATW TOCOTNTEG EAOXLOTOTOLELTOL CUVABWE OTN YPOUULKE TtaAlvEpounan;
o) H akpipela (accuracy)
B) To dBpolopa TETpAYWVWY TWV OPAAUATWY
v) H evtporia
6) H anoéotaon Manhattan

Ze éva MPOPBANUA TIOANATTANG YPOLULKN G TIAALVEpOUNONG:
a) YIApXEL pio LOVO EpUNVEUTLKA METABANTA
B) H petapAntn-otoxocg ival KatnyopLkn
Y) YILapxouv epLoCOTEPEG ATO PO EPUNVEUTIKEG LETABANTEG
6) To povtého eival mavta pn yPaUUIKo

210 scikit-learn motla péBodog kaAeitat cuvnBwg peta tnv fit();
a) predict()
B) fit_next()

vy) learn()
6) compile()

Mota LoLoTNTa £VOC eKMadeVPévou LinearRegression LOVTEAOU TTEPLEXEL TOUC CUVTEAEOTEG;
o) weights_
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B) beta_

y) coef

8) parameters_

18. Tt urtoAoyilel 0 MaPAKATW KWOLKAG;

from sklearn. import LinearRegression
model = LinearRegression ()

model. (X train, y train)

y _pred = model. (X test)

a) Tig uBavotnteg KAACEWV

B) Tic mpoPAEPeLg ouvexoUG LETABANTAC yla To X_test
v) Tig cuotddeg twv dedopevwy

8) To R? gto training set

19. T emiotpédel N HeTAPANTH) SCOre OTOV MAPAKATW KWOLKA;

from sklearn. import LinearRegression
model = LinearRegression ()

model. (X train, y train)

score = model. (X test, y test)

a) To R? oto test set

B) To Mean Squared Error
v) Tnv accuracy

6) Tov aplBuod mapopéTpwy

20. Noto eival to AaBog otov akdAoubo Kwdika;

from sklearn. import LinearRegression
model = LinearRegression ()

y_pred = model. (X test)

model. (X train, y train)

a) H LinearRegression 6ev umootnpilel tn péBodo predict()
B) NpéneL va yivel mpwrta fit() oto povtéAo kal peta predict()
y) Mpénet va yivel mpwta predict() kat peta fit()

8) H fit() xpelaletal povo X_train, oxLy_train
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5.9.1. AMOVTNOELC 0TI EPWTNOELS AUTOAELOAOYNONG

[EY

. ¥) NpoPAedn TLUNAC KaTokiog pe BAon XopAKTNPLOTIKA TNG

N

. B) H extipnon ouvexolg peTtaBAnTnC-0TOXOU

w

.¥) Accuracy

NS

.¥) k-means

5. 6) Tov aplBuod cuotadwv

[e)]

. a) fit()

~N

. 6) sklearn.linear_model

0o

. B) train_test_split()

9. a) StandardScaler

10. &) sklearn.metrics

11. B) Dendrogram

12. y) MpoyUaTiKEG Kol TPOPAETIOUEVEG KAAOELG

13. 8) To mocooto dlakupavong Tng e€aptnuévng LETABANTAC Tou e€nyeital amod To HoVTEAD
14. B) To dBpolopa TETPAYWVWY TWV 0GAAUATWY

15. y) Yrdpxouv mepLocOTePEG Ao Uio EPUNVEUTIKEG LETABANTEG
16. a) predict()

17.y) coef _

18. B) Tig mpoPALPeLg cuvexoU petaPANnThC yia To X_test

19. a) To R? oto test set

20. B) Npémnet va yivel mpwrta fit() oto povrého kat petd predict()
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